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Abstract 

Background

Acute respiratory infections (ARI) caused by viruses such as SARS-CoV-2, influenza, 

and respiratory syncytial virus (RSV) posed significant public health challenges, par-

ticularly in low-income countries. Understanding the co-circulation dynamics of these 

pathogens is crucial for effective public health monitoring, surveillance, and control 

interventions. This study aimed to characterize the epidemiology of SARS-CoV-2, 

influenza, and RSV co-circulation among patients with ARI in Uganda’s central busi-

ness districts.

Methods

A retrospective cohort study was conducted among 1,265 adult outpatients aged 18 

years and older presenting with ARI in Kampala, Wakiso, and Mukono districts. Data 

were collected for the period from March 2023 through April 2024. Nasopharyngeal 

swabs were collected and tested for SARS-CoV-2, influenza A/B, and RSV using 
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RT-PCR. Data on demographics, clinical presentation, and SARS-CoV-2 vaccination 

status were analyzed using descriptive statistics and time series analysis.

Results

RSV was the most prevalent pathogen (5.5%), followed by SARS-CoV-2 (5.1%), 

Influenza A (4.4%), and Influenza B (1.7%). Individuals aged 45 and older were more 

likely to test positive for SARS-CoV-2. There was a significant difference in pathogen 

presence by occupation (p = 0.03), with health workers showing the highest preva-

lence of SARS-CoV-2 infection, while prevalence did not differ significantly by sex. 

Seasonal trends showed bimodal peaks for SARS-CoV-2, influenza A, and RSV, with 

the highest frequency observed between April 2023 to June 2023 and November 

2023 to February 2024. However, Influenza B exhibited a single prolonged peak. 

SARS-CoV-2 vaccination was associated with a higher prevalence of SARS-CoV-2 

(8.7% vs. 2.8%, p = 0.023) but not with influenza or RSV prevalence.

Conclusion

The co-circulation of SARS-CoV-2, influenza, and RSV highlights Uganda’s ongoing 

respiratory virus burden. Seasonal patterns and recurrent outbreaks underscore the 

need for sustained surveillance, targeted vaccination, and public health interventions 

to mitigate the impact of these pathogens, particularly in vulnerable populations.

Background

Acute respiratory infections (ARIs) remain a leading cause of morbidity and mortality 
worldwide, particularly in low- and middle-income countries (LMICs) [1]. When these 
infections involve the lower respiratory tract referred to as lower respiratory tract 
infections (LRTIs), they can result in life-threatening complications, especially among 
the children, elderly, immunocompromised individuals, and those with underlying 
health conditions. The clinical presentation of ARIs ranges from mild upper respira-
tory symptoms such as cough, nasal congestion, and sore throat, to more severe 
manifestations including dyspnea, high fever, and respiratory distress. In LMICs, mor-
tality associated with ARI-related LRTIs is disproportionately high due to constrained 
health system capacity, limited access to diagnostics, and delayed treatment [2–5]. 
Alongside influenza and SARS-CoV-2, RSV-associated infection also contributes 
significant burden, particularly affecting premature infants and the elderly, exacerbat-
ing global respiratory disease morbidity [6]. RSV exposure among these vulnerable 
populations often results in LRTI, hospitalizations, and adverse health outcomes [7]. 
Moreover, the co-circulation of SARS-CoV-2 with Influenza A and B viruses has been 
linked to exacerbated morbidity and mortality.

The global and Ugandan containment of the COVID-19 pandemic relied on a mul-
tifaceted strategy, encompassing the application of movement restrictions (lockdown) 
and the use of preventive vaccines [8,9]. However, despite the availability of effective 
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vaccines, influenza-associated burden due to endemic seasonal spread is increasingly recognized as a public health con-
cern due to its seasonal recurrence [10] In Africa, mortality among hospitalized adults is approximately 12% [11]. Before 
the COVID-19 pandemic, viruses such as influenza and respiratory syncytial virus (RSV) were the predominant viral 
agents causing ARIs across many regions, including sub-Saharan Africa [12]. In Uganda and other East African countries, 
seasonal peaks of influenza and RSV have been observed during the rainy seasons, contributing to increased healthcare 
utilization during those months. However, the seasonal nature of these viruses is not consistent across the continent, as 
transmission patterns vary significantly by region, climate, and urbanization levels [3,4]. These recurrent viral epidemics 
strain under-resourced healthcare systems and affect socio-economic productivity, especially among working-age adults 
and caregivers.

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in late 2019 significantly altered the 
global respiratory virus landscape. Although mitigation strategies such as lockdowns, social distancing, and SARS-Cov-2 
vaccination campaigns were implemented to reduce transmission, the burden of COVID-19 persisted, especially in LMICs 
where vaccine coverage and access to intensive care services remain suboptimal [8,9]. In Uganda, like in many other 
LMICs, the health system struggled with diagnostic limitations, vaccine hesitancy, and logistical barriers during the pan-
demic response.

Recent evidence indicates that SARS-CoV-2 now co-circulates with other respiratory viruses such as influenza and 
RSV, especially during periods of increased viral transmission [13,14]. The simultaneous circulation of these viruses 
increases the complexity of clinical diagnosis, may exacerbate disease severity, and places additional pressure on health-
care systems. Co-infections have also been associated with longer hospital stays, higher rates of complications, and 
greater diagnostic uncertainty in settings with limited laboratory capacity. Despite this emerging pattern, there is a paucity 
of data on the co-circulation dynamics of SARS-CoV-2, influenza, and RSV in LMICs, including Uganda. Most existing 
studies were from high-income countries with robust surveillance and laboratory infrastructure, limiting the applicability 
of their findings to resource-limited settings. Moreover, the epidemiology of respiratory viruses in urban and peri-urban 
African contexts characterized by high population density, poor indoor air quality, limited access to health care, and a high 
burden of comorbidities such as HIV and tuberculosis remained poorly characterized [15,16].

Influenza viruses, once responsible for pandemics, now exhibit sporadic and epidemic transmission affecting tropical 
and temperate regions alike [17,18]. There is limited data on the epidemiologic dynamics of co-circulation of common 
respiratory viruses in the Ugandan population. In this study, we characterized the epidemiologic dynamics of SARS-
CoV-2, influenza, and RSV co-circulation among participants with ARI in a post-COVID-19 pandemic setting in Uganda’s 
central urban and peri-urban districts business districts from March 2023 to April 2024. These findings provide insights into 
viral transmission dynamics in a highly dynamic and populous community that could form public health policies, resource 
allocation, and effective strategies such as vaccine deployment in the tropical context. By identifying trends in age distri-
bution, occupation-related exposure, and temporal variations in viral activity, the findings provide a crucial evidence base 
to inform future surveillance strategies, targeted vaccination campaigns, and clinical case management in similar LMIC 
settings.

Methodology

Study design and setting

This study employed an observational cross-sectional design conducted over a 13-month period, from March 2023 to 
April 2024. It was carried out at outpatient departments of selected public healthcare facilities across Kampala, Wakiso, 
and Mukono districts, areas that make up the Kampala Metropolitan Area in central Uganda. These urban and peri-urban 
facilities were selected based on high patient volume, wide geographical representation, and accessibility. The selected 
sites included Kawaala, Kisenyi, Kitebi, Kisugu, Kasangati, Kiswa, and Komamboga Health Centre IIIs, as well as 
Kiruddu National Referral Hospital and Mulago National Specialized Hospital. These facilities serve a diverse catchment 
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population estimated at over four million residents, encompassing individuals from low-income, densely populated neigh-
borhoods, where respiratory infections are common due to overcrowding and environmental exposure.

Study population and eligibility criteria

The study targeted adult patients aged 18 years and older who presented to participating outpatient departments with 
symptoms consistent with acute respiratory infection (ARI). The case definition for ARI was an acute onset (within the past 
10 days) of respiratory symptoms including fever (≥38°C) and at least one of the following: cough, sore throat, or short-
ness of breath. Patients were enrolled consecutively after obtaining informed written consent.

Individuals were excluded from participation if they required hospitalization for severe illness, or if they presented with 
any signs of severe organ failure (including hepatic, renal, cardiac, or neurological impairment). Additionally, pregnant or 
lactating women were excluded. Patients meeting the criteria for severe acute respiratory illness (SARI) defined as ARI 
requiring inpatient care were also excluded from the study. The focus remained on ambulatory cases of mild to moderate 
ARI to capture community-level epidemiological trends of circulating respiratory pathogens.

Specimen collection and referral

Nasopharyngeal (NP) and/or oropharyngeal (OP) swabs were obtained from each eligible participant by trained health-
care professionals following standard biosafety and specimen collection procedures. Each swab was immediately inserted 
into a tube containing viral transport medium (VTM), labeled with a unique identifier, and stored temporarily at 4–8°C 
before being transported to the Uganda Virus Research Institute (UVRI), specifically the National Influenza Centre (NIC), 
within 24 hours of collection. Proper cold-chain maintenance was observed during referral to preserve sample integrity.

Laboratory testing and quality assurance

All samples were processed at the NIC using standardized molecular techniques. Total RNA was extracted from VTM 
samples using the Life River RNA extraction protocol with an elution volume of 50 µL. Real-time reverse transcription poly-
merase chain reaction (RT-PCR) was performed using the “CDC Flu SC2 multiplex assay”, which simultaneously detects 
and differentiates SARS-CoV-2, Influenza A, and Influenza B. Testing was carried out on the ABI 7500 Real-Time PCR 
system, and each reaction included appropriate internal and external controls. RSV testing was conducted separately 
using the EXON RSV-specific RT-PCR assay on the same platform.

Quality control

Each assay run included positive controls (known pathogen RNA) to confirm amplification integrity and negative controls 
(nuclease-free water) to rule out contamination. Human RNAseP was included as an internal control for sample adequacy. 
Results were considered valid only if control reactions met expected thresholds. Samples testing positive for any of the 
target viruses were recorded with corresponding cycle threshold (Ct) values.

Data management and statistical analysis

Participant data, including demographic characteristics (age, sex, occupation), clinical symptoms, and laboratory find-
ings, were collected and managed using the REDCap electronic data capture system hosted at Makerere University Lung 
Institute. Following data quality checks and de-identification, the dataset was exported to Stata version 15.0 (Stata Corp, 
College Station, TX, USA) for analysis.

Descriptive statistics were used to summarize the sociodemographic and clinical characteristics of the study population. 
Frequencies and proportions were computed for categorical variables, while means and standard deviations were used 
for continuous variables. Period prevalence for each pathogen (SARS-CoV-2, Influenza A, Influenza B, and RSV) was 
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calculated as the percentage of RT-PCR–positive cases among all tested individuals. To explore associations between 
viral positivity and key demographic or clinical factors, univariable analyses were conducted using chi-square or Fisher’s 
exact tests as appropriate. Time series analysis was applied to detect seasonal patterns of pathogen circulation, using 
monthly stratification of cases to visualize epidemic curves. Results were presented with 95% confidence intervals and 
p-values, with statistical significance set at p < 0.05.

Data analysis

All data were exported from REDCap into Stata version 15.0 (Stata Corp, College Station, TX, USA) for statistical anal-
ysis. Descriptive statistics were first performed to summarize demographic characteristics, clinical presentations, and 
laboratory-confirmed infections with respiratory viruses. Categorical variables were expressed as frequencies and per-
centages, while continuous variables (e.g., age and Ct values) were summarized using means and standard deviations.

For univariate analyses, we used Pearson’s Chi-square test to assess associations between categorical variables (e.g., 
sex, age category, occupation) and RT-PCR-confirmed infection with SARS-CoV-2, Influenza A, Influenza B, and RSV. Where 
expected frequencies were <5 in any cell, Fisher’s exact test was applied instead. Results were reported with p-values, and 
where applicable, 95% confidence intervals (CI) for proportions were calculated. The reference category for each variable was 
the most populous or clinically relevant group for example, the 18–34 age group was used as the reference for age-based 
comparisons due to its overrepresentation in the study sample. Age was categorized into three bands: 18–34, 35–44, and 
45–83 years, based on observed age distribution and clinical relevance in respiratory disease susceptibility. While the 18–34 
group was overrepresented (59.8%), the categories were preserved for internal consistency and comparability with national 
surveillance frameworks, though future studies should aim for a more evenly distributed sampling across age brackets.

A multivariable logistic regression analysis was subsequently conducted to control for potential confounding variables. 
Variables with a p-value <0.20 in univariate analyses were entered into the multivariate model to estimate adjusted odds 
ratios (aOR) and 95% confidence intervals for associations between socio-demographic factors and virus positivity. Model 
fitness was evaluated using the Hosmer-Lemeshow goodness-of-fit test.

Ethical approval

Ethical approvals for this study were obtained from the Mulago National Referral Hospital Ethics Committee and the 
Uganda National Council of Science and Technology to conduct the study, with approval numbers MHREC 2344 and 
HS2548ES, respectively. The study was conducted in accordance with the Declaration of Helsinki

Results

Participant characteristics

Out of the total 1,265 participants as shown in Table 1, the majority were aged 18–34 years (59.8%), with the remainder 
aged 35–44 years (19.8%) and 45–83 years (18.4%). Males comprised 62.1% of the sample. Table 1 presents the dis-
tribution of respiratory pathogens across age groups and sex. The overall prevalence estimates were: RSV 5.5% (95% 
CI: 4.3–6.9), SARS-CoV-2 5.1% (95% CI: 4.0–6.4), Influenza A 4.4% (95% CI: 3.3–5.6), and Influenza B 1.7% (95% CI: 
1.1–2.6). A significant age-related difference was noted for SARS-CoV-2 positivity (p = 0.007), with individuals aged 45 
years and above showing a higher prevalence (8.6%) compared to the reference 18–34 age group (4.9%). There were no 
statistically significant sex differences for any of the viral infections.

Seasonal trends

Epidemiological time-series analysis of the 13-month surveillance period revealed overlapping seasonal patterns 
of viral circulation. SARS-CoV-2 and Influenza A exhibited bimodal peaks, with peak activity in April-June and 
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November-February. RSV also followed a bimodal pattern, while Influenza B showed a single prolonged peak during 
mid-year. The months of November and December had the lowest combined viral activity across all pathogens as shown 
in Fig 1.

Between March 2023 and April 2024, SARS-CoV-2, Influenza A, Influenza B, and RSV were co-circulating. Although 
Influenza B had the lowest prevalence and a single prolonged peak, the others exhibited two distinct peaks over a 
12-month period. This bimodal pattern showed RSV peaking initially in April and again from June to October, SARS-CoV-2 
in January and April, and Influenza A in April and September.

Summing up, overlapping waves of respiratory disease occurred in Jan (dominated by SARS-C0v-2), April-May (driven 
by Influenza A, SARS-CoV-2, and RSV), May (driven by SARS-CoV-2), and from July to October (driven by RSV), with 
November and December experiencing the lowest levels of activity. Overall, viral infection was most intense during the 
first half of the year, particularly from April to June, with notable co-circulation of Influenza A, SARS-CoV-2, and RSV. In 
contrast, viral infection across all four virus strains declined during the second half of the year

Table 1.  Distribution of demographic characteristics and respiratory pathogen among screened participants.

Characteristics Number of participants Flu A Flu B SARS-CoV-2 RSV

All (n)
Proportions %,(95% CI)

1265 55
4.4 (3.3, 5.6)

22
1.7 (1.1, 2.6)

64
5.1 (4.0, 6.4)

69
5.5 (4.3, 6.9)

Age category P = 0.156 P = 0.202 P = 0.007 0.953

18-34 756 (59.8%) 31 (4.1%) 16 (2.2%) 37 (4.9%) 43 (5.7%)

35-44 250 (19.8%) 17 (6.8%) 4 (1.6%) 5 (2.0%) 14 (5.6%)

45-83 233 (18.4%) 7 (3.0%) 1 (0.4%) 20 (8.6%) 11 (4.7%)

Missing 26 (2.1%) 0 (0.0%) 1 (3.9%) 2 (7.7%) 1 (3.9%)

Sex P = 0.577 P = 0.338 P = 0.903 P = 0.437

Male 785 (62.1%) 23 (5.2%) 11 (2.5%) 21 (4.7%) 26 (5.8%)

Female 446 (35.3%) 31 (4.0%) 11 (1.4%) 42 (5.4%) 43 (5.5%)

Missing 34 (2.7%) 1 (2.9%) 0 (0.0%) 1 (2.9%) 0 (0.0%)

https://doi.org/10.1371/journal.pone.0344869.t001

Fig 1.  Seasonal trend in prevalence of SARS-CoV-2, Influenza-A, Influenza-B, and RSV infections.

https://doi.org/10.1371/journal.pone.0344869.g001
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Clinical and occupational correlates

Out of 1,265 participants screened, In the 510 participants with complete clinical and occupational data. RSV remained 
the most frequently detected pathogen. Notably, health were workers demonstrated the highest prevalence of SARS-
CoV-2 (23.8%, p = 0.03), significantly higher than other occupational categories such as business workers (6.5%) and 
students (5.3%), with unemployed/peasants used as the reference group. A statistically significant association was also 
observed between SARS-CoV-2 infection and the presence or absence of chills (p = 0.001), with infected individuals less 
likely to report chills (2.6% with chills vs. 11% without chills). Influenza A and B infections were more common among par-
ticipants reporting sore throat (p = 0.002 and p = 0.037, respectively). No significant clinical symptom was strongly associ-
ated with RSV infection in univariate analysis as shown in Table 2.

Among participants with documented SARS-CoV-2 vaccination status, those who were vaccinated had a higher preva-
lence of SARS-CoV-2 infection (8.7%) compared to the unvaccinated group (2.8%, p = 0.023, Chi-square test). However, 
no significant associations were found between SARS-Cov-2 vaccination and the prevalence of Influenza A, B, or RSV. 
Further analysis confirmed that age ≥ 45 years (aOR: 2.31; 95% CI: 1.13–4.73) and being a healthcare worker (aOR: 
3.85; 95% CI: 1.28–11.53) were independently associated with increased odds of SARS-CoV-2 infection. The association 
between SARS-Cov-2 vaccination and increased SARS-CoV-2 detection remained statistically significant (aOR: 2.94; 
95% CI: 1.03–8.37), though this may reflect exposure bias rather than vaccine failure. No independent associations were 
found for Influenza or RSV after adjustment.

Except for Flu A, there were no differences in the prevalence of viral infection due to Flu B, SARS-CoV-2, and 
RSV based on occupational status. Apart from fever-related illness (febrile illness), which was common among 
participants, no distinct clinical symptoms were strongly linked to specific infections (etiologies such as SARS-
CoV-2, Influenza A and B, or RSV). However, participants with SARS-CoV-2 were less likely to present with chills 
(2.6% of those with chills tested positive, compared to 11% without chills). Sore throat was uncommon among those 
with Influenza A or B, and no significant clinical associations were observed with RSV. Influenza A and B infections 
were more frequently detected among participants reporting sore throat compared with those without sore throat 
(p = 0.002 and p = 0.037, respectively). However, because sore throat was reported by a large proportion of the 
study population, it was not a distinguishing clinical feature of influenza infection, and most individuals with sore 
throat did not have laboratory-confirmed influenza A or B. Considering SARS-CoV-2 vaccination status, no signif-
icant differences were found in the prevalence of Flu A, Flu B, and RSV between the vaccinated and those who 
were not. However, SARS-CoV-2 infection was more common among those vaccinated against SARS-CoV-2 (8.7% 
versus 2.8%, P = 0.023).

Discussion

This study investigated the circulation patterns of four major respiratory viruses; SARS-CoV-2, Influenza A, Influenza B, 
and respiratory syncytial virus (RSV) among adult outpatients with acute respiratory infection (ARI) in the Kampala Met-
ropolitan Area between March 2023 and April 2024. Our findings contribute to the growing body of evidence documenting 
the ongoing burden and complexity of respiratory viruses in low- and middle-income countries (LMICs), particularly in 
post-pandemic urban African settings.

Among the viruses tested, RSV exhibited the highest individual prevalence (5.5%), surpassing that of SARS-CoV-2 
(5.1%) and either Influenza A (4.4%) or B (1.7%) alone. However, when influenza A and B were combined, their total 
prevalence (6.1%) exceeded that of RSV. This distinction is important for contextualizing viral burden and underscores 
the continued relevance of influenza as a cause of ARI in adults. While RSV is classically associated with pediatric illness, 
our findings align with emerging evidence of RSV’s substantial role in adult respiratory morbidity, particularly among the 
elderly and those with chronic comorbidities [6,7].
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Table 2.  Distribution of baseline characteristics stratified by pathogen among study participants.

Characteristics Number of participants, 510 Flu A Flu B SARS-CoV-2 RSV

Age category P = 0.055 P = 0.867 P = 0.003 P = 0.681

18-34 319 (62.5%) 15 (4.7%) 9 (2.8%) 22 (6.9%) 10 (3.1%)

35-44 106 (20.8%) 12 (11.3%) 4 (3.8%) 4 (3.8%) 5 (4.7%)

45-83 85 (16.7%) 6 (7.1%) 2 (2.4%) 14 (16.5%) 2 (2.4%)

Sex P = 0.187 P = 0.067 P = 0.423 P = 0.842

Male 223 (43.7%) 18 (8.1%) 10 (4.5%) 15 (6.7%) 7 (3.1%)

Female 287 (56.3%) 15 (5.2%) 5 (1.7%) 25 (8.7%) 10 (3.5%)

Occupation P = 0.033 P = 0.459 P = 0.140 P = 0.838

Unemployed/peasant 71 (13.9%) 2 (2.8%) 0 (0.0%) 6 (8.5%) 2 (2.8%)

Business 185 (36.3%) 8 (4.3%) 8 (4.3%) 12 (6.5%) 5 (2.7%)

Health worker 21 (4.1%) 0 (0.0%) 0 (0.0%) 5 (23.8%) 0 (0.0%)

Student 38 (7.5%) 2 (5.3%) 1 (2.6%) 2 (5.3%) 2 (5.3%)

Other 195 (38.2%) 21 (10.8%) 6 (3.1%) 15 (7.7%) 8 (4.1%)

Health Facility P = 0.131 P = 0.029 P = 0.003 P = 0.678

Kiswa 17 (3.3%) 0 (0.0%) 1 (5.9%) 0 (0.0%) 0 (0.0%)

Kitebi 84 (16.5%) 2 (2.4%) 1 (1.2%) 0 (0.0%) 5 (6.0%)

Kirudu 97 (19.0%) 10 (10.3%) 4 (4.1%) 15 (15.5%) 4 (4.1%)

Mulago 43 (8.4%) 2 (4.7%) 2 (4.7%) 6 (14.0%) 1 (2.3%)

Kisenyi 6 (1.2%) 2 (33.3%) 2 (33.3%) 0 (0.0%) 0 (0.0%)

Kawala 127 (24.9%) 9 (7.1%) 1 (0.8%) 9 (7.1%) 5 (3.9%)

Kasangati 18 (3.5%) 1 (5.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Kisugu 18 (3.5%) 0 (0.0%) 0 (0.0%) 2 (11.1%) 1 (5.6%)

Nkomamboga 100 (19.6%) 7 (7.0%) 4 (4.0%) 8 (8.0%) 1 (1.0%)

Clinical presentation

Temperature

Temp>37.8 510 (100.0%) 33 (6.5%) 15 (2.9%) 40 (7.8%) 17 (3.3%)

History of fever P = 0.581 P = 0.715 P = 0.020 P = 0.020

No 193 (37.8%) 11 (5.7%) 5 (2.6%) 22 (11.4%) 11 (5.7%)

Yes 317 (62.2%) 22 (6.9%) 10 (3.2%) 18 (5.7%) 6 (1.9%)

Cough P = 0.417 p > 0.999 P = 0.019 P = 0.761

No 8 (1.6%) 1 (12.5%) 0 (0.0%) 3 (37.5%) 0 (0.0%)

Yes 502 (98.4%) 32 (6.4%) 15 (3.0%) 37 (7.4%) 17 (3.4%)

Sore throat P = 0.002 P = 0.037 P = 0.069 P = 0.599

No 68 (13.3%) 11 (16.2%) 5 (7.4%) 9 (13.2%) 2 (2.9%)

Yes 442 (86.7%) 22 (5.0%) 10 (2.3%) 31 (7.0%) 15 (3.4%)

Headache P = 0.782 P = 0.702 P = 0.368 P = 0.049

No 159 (31.2%) 11 (6.9%) 4 (2.5%) 15 (9.4%) 9 (5.7%)

Yes 351 (68.8%) 22 (6.3%) 11 (3.1%) 25 (7.1%) 8 (2.3%)

Chills P = 0.613 P = 0.738 P = 0.001 P = 0.405

No 319 (62.5%) 22 (6.9%) 10 (3.1%) 35 (11.0%) 9 (2.8%)

Yes 191 (37.5%) 11 (5.8%) 5 (2.6%) 5 (2.6%) 8 (4.2%)

Malaise P = 0.461 P = 0.156 P = 0.882 P = 0.392

No 248 (48.6%) 14 (5.6%) 10 (4.0%) 19 (7.7%) 10 (4.0%)

Yes 262 (51.4%) 19 (7.3%) 5 (1.9%) 21 (8.0%) 7 (2.7%)

VL/CT value, mean (SD) 28.9 (4.5) 30.4 (4.5) 29.4 (6.5) 26.6 (5.8)

SARS-CoV-2 Vaccination Status P = 0.665 P = 0.485 P = 0.023 P = 0.618

(Continued)
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The higher RSV prevalence in adults compared to individual influenza subtypes may reflect post-pandemic shifts in 
viral ecology or immunity gaps caused by reduced RSV exposure during COVID-19 lockdowns [13]. Similar RSV trends in 
adults have been observed in Europe and North America during the post-COVID period, and these shifts warrant further 
surveillance in LMICs [7]. Nonetheless, our results also suggest that influenza viruses remain prominent contributors to 
outpatient ARIs and should not be deprioritized in surveillance and vaccine planning.

Notably, SARS-CoV-2 infection was significantly more prevalent among participants aged ≥45 years and among health-
care workers, consistent with previous reports highlighting increased risk due to occupational exposure and age-related 
vulnerability [19,20]. Surprisingly, participants who were vaccinated against SARS-CoV-2 had a higher infection preva-
lence than unvaccinated individuals. This counterintuitive finding may reflect increased exposure risk among vaccinated 
populations such as healthcare personnel behavioral risk compensation, rather than vaccine failure [9]. It may also reflect 
waning immunity or mismatch between circulating variants and vaccine-induced protection [21].

Temporal analysis showed distinct periods of increased virus circulation: – notably between April – June and Novem-
ber – February for SARS-CoV-2, Influenza A, and RSV. These periods of heightened activity, while suggestive of recur-
ring peaks, should not be labeled as “seasonal trends”, as this study spanned only one year and lacked inter-annual 
comparison. Similar bimodal virus peaks have been observed in tropical regions, influenced by climatic conditions such 
as rainfall and humidity [22,23]. The alignment of virus surges during the wet months in Uganda underscores the need 
to align vaccine campaigns and health preparedness efforts with these locally relevant periods of increased respiratory 
pathogen activity. These findings suggest that vaccination strategies in Uganda should move beyond a single- 
pathogen focus and be informed by periods of heightened respiratory virus circulation. The observed burden of influenza 
and SARS-CoV-2 among adults particularly older individuals and healthcare workers supports prioritizing these groups 
for timely vaccination ahead of anticipated peaks in virus activity. Strengthening adult influenza vaccination and main-
taining risk-based SARS-CoV-2 booster strategies may enhance protection in urban settings where multiple respiratory 
viruses co-circulate.

Importantly, this study did not assess transmission dynamics, such as reproductive numbers or contact-based risk mod-
eling. Rather, it focused on describing circulation patterns and epidemiologic associations, based on RT-PCR-confirmed 
pathogen detection. While valuable for public health planning, further studies are needed to quantify person-to-person 
transmission and virus interaction within communities.

This study had several limitations. The most significant, the participants were drawn from an existing clinical trial, which 
likely introduced selection bias. As trial participants were subject to specific inclusion and exclusion criteria, they may not 
be fully representative of the general adult outpatient population in Kampala or Uganda. For example, severely ill patients 
and children were excluded, limiting generalizability across all age groups and disease severities. Second, due to missing 
data on clinical and occupational characteristics, the analytical sample for some variables was reduced from 1,265–510, 
which may have affected the power and reliability of subgroup analyses. Third, the reliance on self-reported data for 
symptoms and SARS-Cov-2 vaccination status may have introduced recall bias or misclassification.

Despite these limitations, the study offers important insights into the co-circulation of SARS-CoV-2, influenza viruses, 
and RSV among urban adult outpatients. It underscores the need for continuous, year-round virologic surveillance in LMIC 
settings and provides a basis for designing more comprehensive, population-level studies that include children, hospital-
ized patients, and rural populations.

Characteristics Number of participants, 510 Flu A Flu B SARS-CoV-2 RSV

No 109 (24.0%) 6 (5.5%) 2 (1.8%) 3 (2.8%) 3 (2.8%)

Yes 345 (76.0%) 23 (6.7%) 9 (2.6%) 30 (8.7%) 10 (2.9%)

https://doi.org/10.1371/journal.pone.0344869.t002

Table 2.  (Continued)
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This study did not assess transmission dynamics, such as reproductive numbers or contact-based risk modeling, and 
instead focused on describing circulation patterns and epidemiologic associations based on RT-PCR–confirmed pathogen 
detection. Participants were recruited from an existing clinical research platform, which may have introduced selection 
bias and limited representativeness of the broader adult outpatient population in study area. The exclusion of children and 
severely ill patients further restricts generalizability across age groups and disease severity spectra. Additionally, missing 
clinical and occupational data reduced the analytical sample for some variables, potentially affecting statistical power and 
precision of subgroup analyses, while reliance on self-reported symptoms and SARS-CoV-2 vaccination status may have 
introduced recall bias or misclassification. The 13-month observation period also limits inference regarding long-term or 
inter-annual seasonal patterns.

Despite these limitations, the study provides important insight into the co-circulation of SARS-CoV-2, influenza viruses, 
and RSV among adult outpatients in an urban LMIC setting. The findings underscore the need for sustained, year-round 
virologic surveillance and support the development of broader population-based studies incorporating pediatric populations, 
hospitalized patients, rural communities, and transmission modeling approaches to better inform public health planning.

Conclusions

This study demonstrates concurrent circulation of SARS-CoV-2, influenza A/B, and RSV among adults with acute respi-
ratory infection in outpatient settings in the Kampala Metropolitan Area. RSV was the most frequently detected single 
pathogen, while the combined burden of influenza A and B exceeded that of RSV. Older adults (≥45 years) and healthcare 
workers had a higher likelihood of SARS-CoV-2 infection. Distinct temporal peaks in virus detection were observed during 
the study period, indicating periods of increased respiratory virus activity in this urban LMIC setting.
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