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In the first 2 years of the coronavirus disease 2019 pandemic, 
influenza transmission decreased substantially worldwide, 
meaning that health systems were not faced with 
simultaneous respiratory epidemics. In 2022, however, 
substantial influenza transmission returned to Nicaragua 
where it co-circulated with severe acute respiratory syndrome 
coronavirus 2, causing substantial disease burden.
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Early in the coronavirus disease 2019 (COVID-19) pandemic, 
influenza circulation collapsed globally, including in 
Nicaragua where only 5 cases of influenza (80% influenza B) 
were detected in 2021 [1, 2]. While concerns about the possibil
ity of influenza and severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2) co-circulation were raised in the lead-up 
to the typical Northern Hemisphere influenza season in late 
2020 and 2021, they did not materialize. Recently, however, 
substantial influenza transmission has returned to the 
Southern Hemisphere and tropical settings including 
Nicaragua (where prepandemic influenza transmission typical
ly occurred between May and November and often with dual 
peaks), suggesting this reprieve is likely over [3]. While vaccine 
coverage during the early phase of the pandemic was higher 

than prepandemic levels, it decreased last season (2021–2022) 
[2, 4, 5]. Given the resurgence of influenza in 2022, this repre
sents a worrying trend as the typical Northern Hemisphere in
fluenza season approaches. Here we describe substantial 
influenza and SARS-CoV-2 co-circulation within a prospective, 
community-based household study in Managua, Nicaragua, 
and consider its implications for the looming fall/winter season 
in the Northern Hemisphere.

METHODS

The Household Influenza Cohort Study is an ongoing, 
community-based prospective cohort study in Managua, 
Nicaragua [6]. Participants presented to the study clinic upon 
the development of an acute illness and respiratory samples 
were collected from those meeting the testing criteria (fever/ 
feverishness, conjunctivitis, rash, or loss of taste or smell). 
Respiratory samples were tested for influenza (using Centers 
for Disease Control and Prevention protocols) and 
SARS-CoV-2 by real time reverse-transcription polymerase 
chain reaction (RT-PCR) [7]. Samples were also collected from 
household members, regardless of symptoms, following the pos
itive test (for influenza or SARS-CoV-2) of another household 
member [6].

Clinical Definitions

Illness severity was classified using symptom diaries and data 
from clinic visits [7]. Specifically, illnesses involving hospitali
zation, difficulty or rapid breathing, crepitus, chest wall in
drawing, rhonchi, wheezing, and overall poor condition were 
classified as moderate/severe, while those with no symptoms 
or other symptom presentations were classified as mild/asymp
tomatic. Those requiring transfer to the hospital within 28 days 
of illness onset were classified as hospitalized. To assess wheth
er the number of symptomatic influenza/SARS-CoV-2 coinfec
tions we observed differed from the number we would expect 
(if circulation was independent), we pooled samples from the 
Household Influenza Cohort with those from the Nicaraguan 
Pediatric Influenza Cohort Study who met the same testing cri
teria for symptomatic illness. This was not done when calculat
ing the incidence rate of coinfections to allow for comparability 
against single infections. Samples positive for both influenza 
and SARS-CoV-2 (via real-time RT-PCR) were considered 
coinfections.

Statistical Analysis

Incidence rates were calculated using a Poisson distribution [8] 
while the observed and expected number of coinfections were 
compared using the χ2 test. The attack rates for influenza 
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A(H3N2) and SARS-CoV-2 were calculated among those par
ticipants who were enrolled during the entire study period 
(number of cases of each pathogen/total number of partici
pants). To assess what these attack rates would look like in 
the United States (US), we standardized estimates using the 
2022 World Population Prospects from the United Nations 
[9]. All statistical analyses were completed using R version 
4.2.1 software.

Patient Consent

This study was approved by the institutional review boards at 
the University of Michigan and the Nicaraguan Ministry of 
Health. Informed consent and parental approval (for minors) 
was obtained for all participants and assent was obtained 
from all children aged ≥6 years.

RESULTS

We examined influenza and SARS-CoV-2 infections and coin
fections among 2117 participants (62.5% female) aged 0–89 
years from 1 January to 20 July 2022. Overall, there were 433 
influenza A(H3N2) infections (incidence rate of 37.6 per 100 
person-years [PY]; 95% confidence interval [CI], 34.1–41.3), 
296 SARS-CoV-2 infections (26.0 per 100 PY; 95% CI, 23.1– 
29.1), and 24 coinfections (2.6 per 100 PY; 95% CI, 1.7–3.9). 
SARS-CoV-2 infections occurred in 2 waves: the first 
(January–March) was dominated by BA.1, while the second 
(May–July) consisted largely of BA.2 (Supplementary 
Figure 1). Rates of influenza peaked among the youngest partic
ipants (aged <5 years) and steadily decreased thereafter. Rates 
of SARS-CoV-2 by age displayed a slight V-shaped trend 
(Figure 1). We observed no meaningful difference in incidence 
by sex (Supplementary Table 1). Similarly, we observed no dif
ference in the age distribution between waves 1 and 2 for influ
enza (P = .24) or SARS-CoV-2 (P = .76). Looking at detections 
by household, 174 (40.1%) households experienced influenza 
A(H3N2), 105 (28.2%) had SARS-CoV-2, and 38 (10.7%) had 
both.

Clinical Presentation and Severity

In total, 3 participants required hospitalization (2 with 
SARS-CoV-2, 1 with influenza A(H3N2) infections). No coin
fected participants required hospitalization. A greater propor
tion of SARS-CoV-2 cases were classified as moderate/severe 
compared to influenza A(H3N2) (9.6% vs 4.2%, P = .004), de
spite the study population having a high level of hybrid immuni
ty (prior infection and vaccination). However, no difference was 
observed among children (3.4% vs 5.5%, P = .4, Supplementary 
Table 3) nor when hospitalizations were compared (0.7% vs 
0.2%, P = 1.0, Supplementary Table 3). While the most frequent 
symptom combinations were similar across infection types (fever 
and upper respiratory symptoms; Supplementary Figure 2), a 

greater proportion of SARS-CoV-2 infections presented with 
cough, myalgia, and arthralgia compared to influenza 
(Supplementary Table 2). However, a greater proportion of coin
fected participants had fever compared to those with 
SARS-CoV-2 infections (P = .03).

Dual Burden

Influenza A(H3N2) and SARS-CoV-2 co-circulated for 22 of 29 
(75.9%) of the study weeks. The influenza attack rate was 20.1% 
(95% CI, 18.4%–21.8%), whereas the attack rate of 
SARS-CoV-2 was 13.6% (95% CI, 12.2%–15.1%) (Table 1). 
When standardized to the age distribution of the US, which 
is older than Nicaragua and our cohort, we found similarly 
high attack rates, specifically 17.2% (95% CI, 14.0%–20.4%) 
for influenza and 14.3% (95% CI, 12.7%–16.0%) for 
SARS-CoV-2. In children aged 2–14 years, the attack rate of in
fluenza was 26.8% (95% CI, 23.7%–29.9%) compared to an at
tack rate of 15.3% (95% CI, 12.7%–17.8%) for SARS-CoV-2. 
Indeed, when compared to prepandemic influenza seasons in 
the cohort (overall, 14.5 per 100 PY; range, 8.0–21.6) [10], 
the 2022 incidence rate to date, assuming no additional circu
lation, is substantially higher at 28.6 (95% CI, 25.0–32.5) per 
100 PY. We observed approximately the expected number of 
symptomatic influenza/SARS-CoV-2 coinfections (P = .39; 
Supplementary Table 4).

DISCUSSION

Here we observed substantial simultaneous burden of influenza 
A(H3N2) and SARS-CoV-2 within a prospective, community- 
based household cohort in Managua, Nicaragua. Influenza and 
SARS-CoV-2 co-circulated for most of the study period and the 
number of coinfections was near what we would expect if the 
distribution of the pathogens were independent. This suggests 
limited viral interference and that the primary danger of co- 
circulation is high rates of single infections occurring concur
rently. In fact, the estimated attack rate for influenza in children 
aged 2 to 14 years (26.8%) was higher than that seen in this pop
ulation during the 2009 influenza A(H1N1) pandemic [11], and 
this was on top of a SARS-CoV-2 attack rate of 13.6%. Taken 
together, this represents a substantial overall burden on the 
health system. When standardized to the age distribution of 
the US, the influenza attack rate is slightly lower and 
SARS-CoV-2 is slightly higher, though the differences were 
not significant. It should also be noted that while influenza vac
cination in the US decreased in 2021–2022, rates remain higher 
than in Nicaragua where efforts are focused primarily on preg
nant women and young children [12]. SARS-CoV-2 seropreva
lence also plays an important role. In Nicaragua, the majority of 
the population has previously been infected with SARS-CoV-2, 
and many have also been vaccinated [13]. Given the older age 
distribution in the US, we anticipate that similar levels of co- 
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circulation may in fact lead to greater rates of illness and even 
with similar levels of severity, this would result in more severe 
disease.

The high attack rates in children are also concerning as they 
suggest the potential for substantial morbidity (including am
bulatory healthcare visits, hospitalization, and even death) 
and further school disruptions. Furthermore, pediatric influen
za vaccination coverage has steadily decreased since the start of 
the pandemic, even when adult vaccination coverage remained 
high. Additionally, though vaccines against SARS-CoV-2 have 
been approved for children in the US, vaccination coverage re
mains quite low among those aged <12 years. In fact, only 38% 

of 5- to 11-year-olds and 7% of children aged 6 months to 4 
years have received at least 1 COVID-19 vaccine dose [14].

This study has several strengths. First, as this was a longitu
dinal, community-based study, we were able to calculate inci
dence rates of both SARS-CoV-2 and influenza in the 
population. Second, the study design involved testing asymp
tomatic participants following household activation, which im
proves the accuracy of these incidence measures by better 
capturing subclinical infections. Finally, studies have explored 
the burden and transmission of influenza in this community 
for >15 years, providing important context for these new 
estimates.

This study does have some limitations. While we failed to de
tect a difference in the number of observed and expected coin
fections, the relatively small number (n = 48) precludes us from 
ruling out the possibility of viral interference. We also were un
able to look at the potential for variant- or time-specific inter
action. Additionally, we were only able to assess the number of 
symptomatic coinfections, so this likely represents an underes
timate of the total coinfection burden (asymptomatic and 
symptomatic). Similarly, as a prospective, community-based 
study, we were underpowered to capture the most severe man
ifestations of both SARS-CoV-2 and influenza, which limits our 
ability to make severity-specific inferences. Though we believe 

Figure 1. Influenza and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the cohort. A–C, Number of cases per week for influenza A(H3N2) (A), SARS-CoV-2 (B), 
and A(H3N2)/SARS-CoV-2 coinfections (C ). D and E, Incidence rate (per 100 person-years [PY]) by age for influenza A(H3N2) and SARS-CoV-2, respectively.

Table 1. Attack Rates of Influenza A(H3N2) and Severe Acute Respiratory 
Syndrome Coronavirus 2

Infection
Attack Rate 
(Age 0–89 y)

Attack Rate 
(Age 2–14 y)

This study

Influenza A(H3N2) 20.1% (18.4–21.8) 26.8% (23.7–29.9)

SARS-CoV-2 13.6% (12.2–15.1) 15.3% (12.7–17.8)

2009 influenza A(H1N1)  
pandemic [11] 

… 20.1% (18.8–21.4)

Data are presented as attack rate (95% confidence interval).  

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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the high incidence rates of influenza that we observed are sug
gestive of increased influenza susceptibility, we did not assess 
this directly. Finally, generalizing these findings to other popu
lations should be done with appropriate consideration of differ
ences in population-level immunity to both SARS-CoV-2 and 
influenza and the means through which the immunity was ob
tained (ie, infection and/or vaccination).

In this study we describe substantial concurrent circulation 
of influenza and SARS-CoV-2 within a prospective, 
community-based cohort. These findings suggest that in
creased susceptibility to influenza after low-circulation places 
populations at significant risk of having dual epidemics of in
fluenza and SARS-CoV-2. That this is likely to be worse in pop
ulations with lower prior SARS-CoV-2 infection rates, further 
highlighting that vaccination against both SARS-CoV-2 and in
fluenza is imperative this coming season.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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