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Objectives: Limited data on respiratory infections are available from sub-Saharan Africa during the COVID-19 

pandemic. The objective of this study was to evaluate the burden of respiratory viruses in rural Zambia from 

2019-2021. 

Methods: Surveillance was initiated at Macha Hospital in Zambia in December 2018. Each week, patients with 

respiratory symptoms were enrolled from the outpatient clinic. Nasopharyngeal samples were collected and tested 

for respiratory pathogens. The prevalence of respiratory symptoms and viruses in 2021 was compared to results 

from 2019 and 2020. 

Results: After seeing few cases of influenza virus and respiratory syncytial virus in 2020, a return to prepan- 

demic levels was observed in 2021. Rhinovirus/enterovirus, parainfluenza virus 1-4, and adenovirus circulated 

from 2019 to 2021, while human metapneumovirus and human coronaviruses (HKU1, 229E, OC43, and NL63 

subtypes) were observed sporadically. SARS-CoV-2 was observed consistently in 2021 after being first identified 

in December 2020. The proportion of participants with co-infections in 2021 (11.6%) was significantly higher 

than in 2019 (6.9%) or 2020 (7.7%). 

Conclusion: Declines in influenza virus and respiratory syncytial virus were reversed once public health measures 

were lifted. Respiratory viruses contributed to a significant burden of respiratory infections in 2021. This study 

provides important information about respiratory viruses in this changing context and underrepresented region. 
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To control the spread of SARS-CoV-2, countries across the world

mplemented public health and social measures in 2020, including

asking, quarantine and isolation, hand hygiene, and restrictions on

ravel and gatherings. These measures not only impacted transmission of

ARS-CoV-2 but also other respiratory viruses [1] , including influenza

iruses and respiratory syncytial virus (RSV). In most settings, respira-

ory infections and viral detection decreased as transmission was inter-

upted in 2020 [1] . However, decreases were only temporary, with cir-
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ulation resuming once measures were eased in late 2020. For seasonal

iruses, such as RSV, off-season transmission or delayed seasons were

bserved in several settings in North America, Europe, and Asia [2–4] . 

Limited data are available from sub-Saharan Africa, despite children

nd adults in this region experiencing significant morbidity and mortal-

ty from respiratory infections [5] . Surveillance from South Africa and

ambia reported decreases in influenza viruses and RSV following im-

lementation of public health measures in 2020 [6 , 7] , but to date no

tudies have reported trends for respiratory infections following easing
ention 
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The Johns Hopkins Center for Excellence in Influenza Research and

urveillance (JHCEIRS) established surveillance for respiratory infec-

ions in rural Zambia in 2018 to better understand the epidemiology of

espiratory pathogens in an underrepresented region in global surveil-

ance networks. Surveillance is ongoing, thereby providing the opportu-

ity to compare the respiratory pathogen landscape before and during

he COVID-19 pandemic in this area. The objective of this analysis was

o evaluate the burden and patterns of respiratory viruses in rural Zam-

ia in 2021 compared to previously reported data from 2019 and 2020

7 , 8] . 

ethods 

tudy setting, participants, and procedures 

In December 2018, respiratory surveillance was established at Macha

ospital in Southern Province, Zambia. The hospital is located in a rural

rea populated primarily by subsistence farmers and provides care for

 catchment population of over 150,000 individuals. 

The surveillance methodology has been previously described [9] .

riefly, all patients attending the outpatient department were screened

or influenza-like illness (ILI), which was defined as documented

 ≥ 38°C) or self-reported fever in combination with cough or sore throat,

ith onset or worsening in the past 7 days. On a weekly basis, an age-

tratified ( < 1, 1-4, 5-15, 16-50, and ≥ 51 years) sample (target n = 16)

f outpatients with ILI were approached for enrollment. At the enroll-

ent visit, study staff administered a questionnaire to collect informa-

ion on demographics, household composition, symptoms, and medical

istory. A nasopharyngeal swab ( Copan Diagnostics Inc ., Murrieta, Cali-

ornia) was also collected and placed immediately in universal transport

edia ( Copan Diagnostics Inc. , Murrieta, California). 

pecimen testing and selection 

After collection, nasopharyngeal swabs were taken to the Macha Re-

earch Trust Clinical Research Laboratory for testing using the Gen-

Xpert Xpress Flu/RSV/SARS-CoV-2 assay ( Cepheid, Sunnyvale, Cali-

ornia). Samples were then shipped to Johns Hopkins University and
igure 1. (a) Outpatient attendance and prevalence of ILI by week and (b) prevalen

o 2021. ILI: influenza-like illness. Solid triangle = World Health Organization decla

nfection identified in Zambia on March 18, 2020 and implementation of mitigation 

o travel, gatherings, restaurant/gym/bar closures, school closures on September 11

ith resumption of congregation at places of worship, non-contact sports, and oper

nd casinos reopened, and hotels, lodges, tour operators and other businesses that cl

econdary schools reopened for examination classes only; on June 8, 2020, colleges a

5, 2020, all international airports reopened); Hollow triangle = first SARS-CoV-2 in

91 
ested with the BioFire® FilmArray Respiratory Panel EZ ( BioFire Diag-

ostics, Salt Lake City, Utah) in 2019 and the ePlex Respiratory Pathogen

anel 2 ( GenMark Diagnostics, Inc. Carlsbad, California) in 2020 and

021. These panels detect adenovirus, human metapneumovirus, hu-

an rhinovirus/enterovirus, influenza A virus, influenza B virus, parain-

uenza virus 1-4, RSV, coronaviruses (HKU1, 229E, OC43, and NL63

ubtypes, but not SARS-CoV-2), SARS-CoV-2, Chlamydia pneumoniae ,

nd Mycoplasma pneumoniae . Due to limited availability of ePlex car-

ridges, a random sample of swabs was selected from each month for

esting in 2020 (n = 346 of 476) and 2021 (n = 251 of 417). 

tatistical methods 

Respiratory infections in Macha from December 2018 to December

020 have been previously reported [7–9] . For this analysis, temporal

rends in respiratory infections and the prevalence of individually de-

ected viruses (no cases of Chlamydia pneumoniae or Mycoplasma pneu-

oniae were detected) were described among outpatients from January

, 2021, to December 31, 2021. Results from 2019 and 2020 are pro-

ided for comparison. 

Temporal trends in outpatient visits and ILI were summarized over-

ll and by age group using descriptive statistics and graphical repre-

entations, including locally weighted scatterplot smoothing methods.

atient volume and the prevalence of ILI were compared across years

sing one-way analysis of variance and age-adjusted log-binomial re-

ression, respectively. 

Characteristics of the study population were summarized and com-

ared between years using chi-square tests for categorical characteris-

ics and Kruskal-Wallis test for continuous characteristics (Supplemental

able 1). 

The prevalence of respiratory viruses in the outpatient population

ith ILI was estimated by month and year. Survey sampling weights

ere used in estimating the prevalence of each virus to account for

he sampling strategy used to enroll participants and test specimens.

or all viruses, weights were calculated based on the monthly age dis-

ributions of the outpatient population with ILI. As testing for aden-

virus, parainfluenza virus 1-4, human metapneumovirus, human rhi-

ovirus/enterovirus, and human coronaviruses (non-SARS-CoV-2) was
ce of ILI by week and age group among outpatients at Macha Hospital, 2019 

res COVID-19 a pandemic on March 11, 2020; Solid oval = first SARS-CoV-2 

measures on March 26, 2020; Hollow oval = easing of most restrictions related 

, 2020 (restrictions were eased in a phased manner starting on April 24, 2020 

ation of salons and barbershops; on May 8, 2020, restaurants, cinemas, gyms, 

osed voluntarily advised to consider reopening; on June 1, 2020, primary and 

nd universities began a phased reopening for final year students only; on June 

fection identified in Macha on December 18, 2020. 
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nly carried out on a subset of samples, additional weights were calcu-

ated based on the monthly distribution of samples selected for testing. 

Co-infections were evaluated among samples tested with the

ioFire/ePlex assay, and defined as the detection of two or more viruses.

ge-adjusted log-binomial regression was used to compare the propor-

ion with co-infections. 

Statistical analyses were conducted using Stata Statistical Software,

ersion 14 (StataCorp LLC., College Station, Texas) and SAS/STAT soft-

are, version 9.4 (SAS Institute Inc., Cary, North Carolina). 

esearch ethics and consent 

The surveillance was approved by the Institutional Review Boards at

ohns Hopkins (IRB00168163) and Macha Research Trust (E.2018.02),

nd the Zambian National Health Research Authority. Written informed

onsent for participation was obtained from adult participants and the

arents or legal guardians of pediatric participants. Written assent was

btained from children 12 to 15 years of age. 

esults 

LI surveillance 

In 2021, there were 19,319 outpatient visits (monthly average: 1610

atients). This was a nonsignificant decrease in patient volume com-
igure 2. Prevalence of respiratory viruses among outpatients with ILI at Macha Hos

nnual weighted prevalence in 2020 or 2021 and 2019 using a Rao-Scott chi-square

olid line = monthly weighted prevalence of each pathogen; Gray shading around so

val = World Health Organization declares COVID-19 a pandemic on March 11, 20

mplementation of mitigation measures on March 26, 2020; Hollow oval = easing o

chool closures on September 11, 2020; Hollow triangle = first SARS-CoV-2 infection

92 
ared to 2019 (n = 21,453; monthly average: 1788 patients) and 2020

n = 20,963; monthly average: 1747 patients), with lower volumes pri-

arily observed in the middle of the year. The prevalence of ILI de-

reased significantly from 16.9% in 2019 to 6.9% in 2021 ( Figure 1 a),

ith decreases observed primarily among children ( Figure 1 b). 

The majority of all outpatient visits were for adults 16-50 years of

ge (57.8% in 2021; Supplemental Figure 1A), while the majority of

utpatient visits with ILI were for children 0-4 years (57.3% in 2021;

upplemental Figure 1B). The age distribution of outpatients with ILI

id not significantly change from 2019 to 2021. 

espiratory virus prevalence 

After seeing no cases of influenza A and B viruses and very few

ases of RSV in 2020, these viruses returned in 2021 with similar pat-

erns as in 2019 ( Figure 2 ; Supplemental Figure 2). Compared to 2019,

here was a significantly lower prevalence of influenza A virus, higher

revalence of influenza B virus, and similar prevalence of RSV in 2021.

hinovirus/enterovirus, parainfluenza virus, and adenovirus circulated

hroughout 2019-2021. There was a significant increase in prevalence of

hinovirus/enterovirus in 2020 across all age groups (Supplemental Fig-

re 2), particularly during the early months of the pandemic. There was

 significant increase in prevalence of parainfluenza virus 1-4 in 2020

nd 2021 compared to 2019, primarily among children 0-4 years of age.
pital, 2019 to 2021. ILI: influenza-like illness. ∗ P < 0.05 for comparison between 

 goodness-of-fit test. Dashed lines = demarcation between calendar years; Blue 

lid line = 95% confidence interval for the monthly weighted prevalence; Solid 

20; First SARS-CoV-2 infection identified in Zambia on March 18, 2020, and 

f most restrictions related to travel, gatherings, restaurant/gym/bar closures, 

 identified in Macha on December 18, 2020. 
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Figure 3. Mono and co-infections among outpatients with influenza-like illness at Macha Hospital, 2019 to 2021. Note: The analysis was restricted to samples tested 

using the BioFire (2019) or ePlex (2020 and 2021) respiratory panels. Co-infection was defined as the concurrent detection of two or more viruses. 
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 significant increase in prevalence of adenovirus was also observed in

021, primarily among children 0-4 years of age. Human metapneu-

ovirus and human coronaviruses (non-SARS-CoV-2) were observed

poradically throughout 2019-2021. A significant increase in prevalence

f human metapneumovirus was seen in 2020 but not 2021, primarily

mong older children and adults. No significant differences in preva-

ence of human coronaviruses were seen across years, although the over-

ll prevalence was higher in 2020 due to a peak at the end of the year

mong all age groups. SARS-CoV-2 was first identified in Macha in De-

ember 2020 and then consistently throughout 2021 with peaks in Jan-

ary, July/August, and December. The prevalence of SARS-CoV-2 was

ighest among adults (Supplemental Figure 2). 

iral co-infections 

In 2021, 76.5% (n = 192/251) of participant samples had at least

ne virus detected and 11.6% (n = 29/251) had co-infections, which

as significantly higher than in 2019 (6.9%; n = 38/553) or 2020

7.7%; n = 25/323). Co-infections were most prevalent among chil-

ren 0-4 years of age in all the years ( Figure 3 ; see Supplemental Ta-

le 2 for participant characteristics). The most common co-infections in

021 were rhinovirus/enterovirus plus parainfluenza virus (n = 6) and

hinovirus/enterovirus plus adenovirus (n = 6), similar to 2020 (Sup-

lemental Figure 3). In contrast, the most common co-infection was rhi-

ovirus/enterovirus plus RSV (n = 12) in 2019. 

iscussion 

In this rural area of southern Zambia, respiratory viruses, including

ARS-CoV-2, were circulating in 2021 and contributed to a significant

urden of respiratory infections among outpatients. 

The first case of COVID-19 in Macha was identified in December

020, despite circulation of SARS-CoV-2 throughout Zambia in 2020. By
93 
ovember 2020, over 17,000 cases of COVID-19 were reported nation-

lly and approximately 1900 cases were reported in Southern Province

10 , 11] . Public health measures were implemented within days of de-

ecting the first case in March 2020, including restrictions on gath-

rings and domestic and international travel. Restrictions were lifted

n phases starting in April 2020, with international airports reopening

n June 2020 and schools reopening for regular classes in September

020 ( Figure 1 ) [7 , 12] . As Macha is a rural area connected to other

owns by only a few roads, SARS-CoV-2 required introduction through

ravel which did not consistently happen until restrictions were eased.

he first cases occurred in Macha among healthcare workers, several

f whom had a history of recent domestic travel [13] . The virus then

pread quickly into the community. In 2021, an increase in prevalence

mong outpatients mid-year coincided with a peak in cases nationally

11] and introduction of the Delta SARS-CoV-2 variant into the com-

unity [13] . During this time, visits to the outpatient department de-

reased, potentially due to concerns about traveling or attending health-

are facilities and public health activities (e.g., contact tracing) in the

ommunity [14] . The prevalence increased again at the end of 2021,

oinciding with introduction of the Omicron SARS-CoV-2 variant. 

Similarly, for seasonal viruses, such as influenza viruses and RSV,

ublic health measures interrupted transmission, with no cases of in-

uenza viruses and only a few cases of RSV seen in 2020, a phenomenon

hat has now been described in many settings [1] . With resumption of

atherings and travel, these viruses returned in 2021 with patterns of

ransmission similar to 2019 before the pandemic. Off-season transmis-

ion, which was observed in several settings [2–4] , was not observed

n this setting after most measures were lifted in Zambia in Septem-

er 2020, perhaps due to resumption of travel and gatherings relatively

lose in time to when they were found to circulate before the pandemic.

or rhinovirus/enterovirus, parainfluenza virus, and adenovirus, sea-

onal trends were not observed in this setting and these viruses were less

mpacted by implementation and easing of public health measures, with
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etections identified throughout 2020 and 2021 at higher levels than

efore the pandemic. This has been observed in other settings, particu-

arly for rhinovirus/enterovirus [15] , and may be due to several factors,

ncluding circulation of these viruses in the community at the onset of

he pandemic, viral properties that render them more stable in the en-

ironment and more resistant to disinfectants, and fomite transmission

endering masking less effective [7 , 16] . 

This study had some limitations. First, surveillance was carried out at

 health facility and therefore only captured medically-attended symp-

omatic disease which underestimates community-level burden of dis-

ase. In addition, the surveillance methods cannot account for changes

n health-seeking behavior, which may be important during a pandemic

f individuals avoid health facilities. There was a decrease in overall vis-

ts in mid-2021 during the Delta wave as well as a shift toward older age

roups among all outpatients in 2020 and 2021, suggesting some impact

n health-seeking behavior. These changes may also have led to the bur-

en of disease being underestimated. Second, only a subset of samples

ere tested for the full panel of viruses. While a random sampling strat-

gy was used to select samples for testing, the relatively small number

f specimens from adult age groups may have resulted in missed infec-

ions, thus underestimating the true burden of disease among adults.

inally, surveillance was conducted in a single health facility in a rural

rea of Zambia which may not be representative of all rural areas in the

ountry or region. 

In summary, the dramatic decline in influenza viruses and RSV ob-

erved in 2020 in this rural area was reversed once public health mea-

ures were lifted, with patterns similar to those observed in 2019 before

he pandemic. Other respiratory viruses continued to circulate in 2021

nd contributed to a significant burden of respiratory infections. This

ngoing surveillance platform provides important systematic informa-

ion about respiratory viruses in this continuously changing context and

n an underrepresented region of the world. 
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