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Abstract
Epidemiological differences between tropical and temperate regions regarding viruses causing acute respiratory infection are poorly

understood. This is in part because methodological differences limit the comparability of data from these two regions. Using identical

molecular detection methods, we tested 1174 Ghanaian and 539 German children with acute respiratory infections sampled over 12

months for the 15 most common respiratory viruses by PCR. A total 43.2% of the Ghanaian and 56.6% of the German children tested

positive for at least one respiratory virus. The pneumoviruses respiratory syncytial virus and human metapneumovirus were most

frequently detected, in 13.1% and 25.1% within the Ghanaian and German children, respectively. At both study sites, pneumoviruses

were more often observed at younger ages (p <0.001). In the Ghanaian rainy season, enveloped viruses were detected twice as often as

non-enveloped viruses (prevalence rate ratio (PR) 2.0, 95% CI 1.7–2.4). In contrast, non-enveloped viruses were more frequent during

the Ghanaian dry season (PR 0.6, 95% CI 0.4–0.8). In Germany, enveloped viruses were also more frequently detected during the

relatively colder winter season (PR 1.6, 95% CI 1.2–2.1) and non-enveloped viruses during summer (PR 0.7, 95% CI 0.5–0.9). Despite a

distance of about 5000 km and a difference of 44° latitude separating Germany and Ghana, virus spectra, age associations and seasonal

fluctuation showed similarities between sites. Neither respiratory viruses overall, nor environmentally stable (non-enveloped) viruses in

particular were more frequent in tropical Ghana. The standardization of our sampling and laboratory testing revealed similarities in acute

respiratory infection virus patterns in tropical and temperate climates.

Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.

Keywords: Epidemiology, Germany, Ghana, infant, PCR, respiratory tract infections, viruses

Original Submission: 30 June 2015; Revised Submission: 22 October 2015; Accepted: 3 November 2015

Editor: L. Kaiser

Article published online: 14 November 2015
Clin
Cli
htt
Corresponding author: C. Drosten, Institute of Virology,
University of Bonn Medical Centre, 53127 Bonn, Germany
E-mail: drosten@virology-bonn.de
*A. Annan and F. Ebach have contributed equally
†Current affiliation: A. Simon, Department of Paediatric Oncology
and Haematology, Children’s Hospital Medical School, Saarland
University, Homburg, Germany
‡Current affiliation: M. Panning, Institute for Virology, Medical
Centre-University of Freiburg, Freiburg, Germany
Microbiol Infect 2016; 22: 340–346
nical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2015.11.002
Introduction
Acute respiratory infections (ARI) constitute a major public

health burden and cause significant mortality in children under 5
years of age [1]. Using molecular diagnostic tools, viruses can be

detected in up to 80% of ARI in developed countries [2]. In
developing countries, there is little information on the epide-

miology and seasonal variability of respiratory viruses. Some of
ious Diseases. Published by Elsevier Ltd. All rights reserved
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the few available studies on children with ARI in Africa found

similarly high viral detection rates [3–7]. Regarding epidemio-
logical differences between viral ARI patterns, climate factors

have been extensively studied for influenza viruses and respira-
tory syncytial virus (RSV). For influenza viruses, higher incidence

has been associated with cold and dry climate in temperate re-
gions, compared to higher incidence in warm and humid climate
in some tropical regions [8]. These conditions may not uniformly

favour a higher incidence of all respiratory viruses, as for RSV,
higher incidence has been associated with cold and humid con-

ditions in temperate settings [9]. For other respiratory viruses,
very limited information exists on differences between tropical

and temperate regions. This is partly because methodological
differences limit the comparability of data regarding detection

rates, composition of circulating viruses, and seasonality of
detection.

Here we have studied two large cohorts of children with ARI

in Ghana and Germany over an almost congruent 1-year period
during 2008. Using standardized and identical molecular

detection methods for 15 respiratory viruses, we observed
similar infection patterns in both study sites.
Materials and Methods
Study sites
Children up to 13 years of age were selected at both study sites.
At both sites, a paediatricianmade the diagnosis of ARI at the time

of the child’s visit. An ARI was defined as an infection of the upper
or lower airways with acute manifestations including dry or

productive cough, sore throat, wheezing and coryza. In Ghana,
nasopharyngeal flocked swabs were collected from outpatients

with ARI, during February 2008 to February 2009 at the Child
Welfare Clinic of the Agogo Presbyterian Hospital, Ashanti re-
gion. The Agogo hospital is the referral hospital of the Asante

Akim North district of the Ashanti region of Ghana and sees
about 6000 patients per year. Specimens were stored in previ-

ously prepared individual aliquots of RNAlater stabilizing solu-
tion (Qiagen, Hilden, Germany) until processing within the same

day at the Kumasi Centre for Collaborative Research in Tropical
Medicine. In Germany, nasopharyngeal flocked swabs were taken

from inpatients with ARI at the University Paediatric Hospital,
Bonn, during November 2007 to December 2008 and processed

within 24 h at the Institute of Virology, Bonn University Medical
Centre. The University Paediatric Hospital, Bonn sees about
3000 inpatients per year.

Sample processing and virus detection
RNA was purified using the Viral RNA Mini Kit (Qiagen).

Testing was carried out using identical laboratory methods in
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology
both study sites by real-time RT-PCR using the Qiagen One-

Step RT-PCR System and previously published assays for
influenza A and B viruses (Flu A/B) [10], respiratory syncytial

virus (RSV) [11], human metapneumovirus (hMPV) [12], human
parainfluenza viruses 1–4 (hPiV1–4) [13,14], human corona-

viruses (hCoVs) -229E, -OC43, -NL63 and -HKU1 [15], en-
teroviruses (EV) [16], rhinoviruses (RhV) [17] and adenoviruses
(AdV) [18]. Assay sensitivity and specificity were evaluated on

photometrically quantified in vitro transcribed cRNA/DNA
controls generated from cloned PCR amplicons containing the

respective genomic target sites as described previously [19]. In
Ghana, multiplex reactions were used to identify Flu A and Flu

B, as well as RSV and hMPV, without the possibility of dis-
tinguishing individual viruses due to limited resources. RSV and

hMPV are genetically related and constitute the Paramyxoviridae
subfamily Pneumovirinae; from hereon they are referred to as
pneumoviruses. Enveloped viruses under study included Flu A/

B, pneumoviruses, hPiV1–4 and hCoVs. Non-enveloped viruses
included EV, RhV and AdV.

Ethics, consent and approval
Ethical approval was obtained from the Committee on Human

Research Publication and Ethics of the School of Medical Sci-
ences, Kwame Nkrumah University of Science and Technology
in Ghana. Written informed consent was secured, expressed by

the legal representatives of participants appending their signa-
tures or thumbprint to the informed consent form. All study

procedures were in accordance with the Helsinki Declaration
of 1975 (as revised 1983 and 2000). No ethical approval was

necessary in Bonn because these specimens were tested during
routine diagnostics.

Statistics
Differences between virus detection rates were compared us-
ing the prevalence rate ratio (PR) with corresponding 95% CI

[20]. Chi-square tests were applied to assess associations be-
tween categorical variables. Age-stratified analyses were con-

ducted to assess differences among age groups.
Mantel–Haenszel corrected PRs (PRMH) where calculated to

adjust for age effects. Statistical analyses were performed using
STATA 12 (StataCorp LP, College Station, TX, USA).
Results
Specimens
This study included individual upper respiratory tract speci-
mens from 1174 Ghanaian children (45.4% female, 54.6% male)

with a median age of 25 months (interquartile range (IQR),
12–41 months) and 539 German children (35.4% female, 64.6%
and Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 340–346



TABLE 1. Detection rates of respiratory viruses

Kumasi (Ghana),
n (%)

Bonn (Germany),
n (%)

PRMH

(95% CI)aVirusb n [ 1174 n [ 539

EV 29 (2.5) 36 (6.7) 3.0 (1.8–5.0)
RhV 93 (7.9) 63 (11.7) 1.6 (1.1–2.2)
AdV 39 (3.3) 48 (8.9) 2.6 (1.7–3.9)
RSV/hMPV 154 (13.1) 135 (25.1) 1.8 (1.4–2.2)
Flu A/B 67 (5.7) 22 (4.1) 0.8 (0.5–1.2)
hPiV 114 (9.7) 41 (7.6) 0.7 (0.5–1.1)
hCoV 79 (6.7) 31 (5.8) 0.9 (0.6–1.3)
Any virus detectedc 507 (43.2) 305 (56.6) 1.3 (1.2–1.4)

aPrevalence rate ratio age corrected with 95% CI, Ghana serves as reference group.
bEV, enteroviruses; RhV, rhinoviruses; AdV, adenoviruses; RSV/hMPV, respiratory
syncytial virus/human metapneumovirus; Flu A/B, influenza viruses A and B; hPiV,
human parainfluenza viruses 1–4; hCoV, human coronaviruses.
cBecause of detections of multiple viruses in several patients, the sum of individual
virus detections is higher than the number of patients testing positive for any of the
viruses under study.
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male) with a median age of 16 months (IQR, 5–15 months).

Because the median age of the two cohorts differed significantly
(p <0.001, Mann–Whitney U-test), virus prevalence was ana-

lysed within age strata. For these analyses the age categories
0 to <1, 1 to <2, 2 to <5 and 5–13 years were established,

within which 243 (22.6%), 269 (25.1%), 422 (39.3%) and 140
(13.0%) Ghanaian children and 226 (41.9%), 97 (18.0%), 131
(24.3%) and 85 (15.8%) German children were grouped,

respectively.

Virus prevalence
In 507 Ghanaian (43.2%) and 305 German children (56.6%) at
least one virus was identified, corresponding to a PRMH of 1.3

(95% CI 1.2–1.4) using Ghana as the reference group. Virus
detection did not differ significantly between female and male
patients in either of the two study sites (chi-square; Ghana,

p 0.51 and Germany, p 0.45). The lowest difference in preva-
lence was observed in children below 1 year of age (PR 1.1; 95%

CI 0.9–1.3), whereas the other age groups showed higher es-
timates with a combined PRMH of 1.4 (95% CI 1.2–1.6).

Among all viruses, the pneumoviruses (RSV or hMPV) were
most frequently detected, contributing in total 13.1% (n = 154)

and 25.1% (n = 135) of all virus detections within the Ghanaian
and German cohorts, respectively. In Ghana, the next most
frequent viruses were hPiVs1–4 (n = 114; 9.7%), RhVs (n = 93;

7.9%), hCoVs (n = 79; 6.7%), Flu A/B (n = 67; 5.7%), AdVs
(n = 39; 3.3%) and EVs (n = 29; 2.5%). In Germany, the next

most frequently detected viruses were RhVs (n = 63; 11.7%),
AdVs (n = 48; 8.9%), hPiVs1–4 (n = 41; 7.6%), EVs (n = 36;

6.7%), hCoVs (n = 31; 5.8%) and Flu A/B (n = 22; 4.1%). RhVs,
pneumoviruses, AdVs and EVs occurred more frequently in

patients with ARI in Germany than in Ghana with PRMH of 1.6
(95% CI 1.2–2.2), 1.8 (95% CI 1.4–2.2), 2.6 (95% CI 1.7–3.9)

and 3.0 (95% CI 1.8–5.0), respectively. PRs for individual vi-
ruses were comparable among age groups, except for EVs,
where the strongest differences between study sites were

observed in children aged 2 years (PR 9.7, 95% CI 2.7–35.2). In
summary, no virus occurred more frequently in Ghana than in

Germany at statistically significant PRs. Pneumoviruses afforded
the majority of detections, whereas other viruses differed in

prevalence between sites. Detection rates for all viruses and
cohorts are listed in Table 1.
Patient age and virus detections
At both study sites, pneumoviruses were more often observed

at younger ages (p <0.001). For some of the other viruses
under study, different age trends between study sites were

observed. In Ghana, hPiVs1–4 (p 0.03), EVs (p 0.001) and AdVs
(p 0.03) were more often observed at younger ages, whereas
Flu A/B was more often observed in older age groups (p 0.001).
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
In Germany, only RhVs were more often observed at younger
ages (p 0.03) beyond the pneumoviruses mentioned before.

These data, taken together support a strong association of
pneumoviruses with younger patient ages, whereas no general

associations were observed for any other virus under study.
Associations between patient age and virus detections are

detailed in Table 2.

Seasonality
Seasonal differences showed similar patterns between sites. In

the Ghanaian rainy season (relatively colder weather with
clouded skies, March to June and September to October)

enveloped viruses were detected twice as often as non-
enveloped viruses (PR 2.0, 95% CI 1.7–2.4). As indicated in

Fig. 1(a), this was mainly due to pneumoviruses (PR 5.8, 95% CI
3.4–9.7) and hPiVs (PR 2.6, 95% CI 1.7–4.1). Of note, peak

pneumovirus detection rates coincided with the second rainy
season only, matching a higher rainfall in these 2 months
compared with the first rainy season (March to June 2008:

154 mm/month, peak in May: 224 mm; September to October
2008: mean 234 mm/month, peak in September: 283 mm). In

contrast to enveloped viruses, non-enveloped viruses were
more frequent during the Ghanaian dry season (PR 0.6, 95% CI

0.4–0.8). As indicated in Fig. 1(b), this difference was mainly
driven by RhVs (PR 0.5, 95% CI 0.4–0.8).

In Germany, enveloped viruses were also more frequently
detected during the relatively colder winter season (October to

March; PR 1.6, 95% CI 1.2–2.1; Fig. 1c). As in Ghana, this was
mainly due to increased detection of pneumoviruses (PR 2.5,
95% CI 1.6–3.8). Again, non-enveloped viruses were more

frequently detected during the German summer (April to
September; PR 0.7, 95% CI 0.5–0.9). As indicated in Fig. 1(d),

this was mainly driven by EVs with a PR of 0.2 (95% CI 0.1–0.4).
No seasonal patterns were observed for the enveloped Flu A/B

and hCoVs, or the non-enveloped AdVs at either study site.
ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 340–346



TABLE 2. Association between age and respiratory viruses

Age (years) No. of childrenb

EVa RhV AdV RSV/hMPV Flu A/B hPiV hCoV

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Ghana
0 to <1 243 8 (3.3) 20 (8.2) 13 (5.4) 46 (18.9) 9 (3.7) 33 (13.6) 19 (7.8)
1 to <2 269 12 (4.5) 18 (6.7) 12 (4.5) 37 (13.8) 16 (6.0) 31 (11.5) 21 (7.8)
2 to <5 422 3 (0.7) 34 (8.1) 9 (2.1) 46 (10.9) 19 (4.5) 39 (9.2) 23 (5.5)
5 to <13 140 0 (–) 6 (7.7) 1 (0.7) 10 (7.1) 18 (12.9) 6 (4.3) 10 (7.1)

Chi-square test p <0.01 p 0.44 p 0.03 p <0.01 p <0.01 p 0.03 p 0.56
Germany

0 to <1 226 11 (4.9) 35 (15.5) 19 (8.4) 71 (31.4) 4 (1.8) 15 (6.6) 10 (4.4)
1 to <2 97 9 (9.3) 13 (13.4) 12 (12.4) 25 (25.8) 6 (6.2) 7 (7.2) 9 (9.3)
2 to <5 131 9 (6.9) 11 (8.4) 14 (10.7) 27 (20.6) 7 (5.3) 13 (9.9) 9 (6.9)
5 to <13 85 7 (8.2) 4 (4.7) 3 (3.5) 12 (14.1) 5 (5.9) 6 (7.1) 3 (3.5)

Chi-square test p 0.46 p 0.03 p 0.17 p <0.01 p 0.14 p 0.72 p 0.26

aFor 100 children from Ghana, no age information was available.
bEV, enteroviruses; RhV, rhinoviruses; AdV, adenoviruses; RSV/hMPV, respiratory syncytial virus/human metapneumovirus; Flu A/B, influenza viruses A and B; hPiV, human par-
ainfluenza viruses 1–4; hCoV, human coronaviruses.
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Co-infections
As shown in Fig. 2(a), significantly more viral co-infections were

observed in Germany (21.0%) than in Ghana (12.0%; chi-
square, p <0.001). As shown in Fig. 2(b), individual co-

infection patterns differed between sites, suggesting that no
generic property of any virus to cause mono-infections was

evident from our data.
Discussion
We employed sensitive molecular detection methodology to

perform a comparative study on viral ARI between study sites
located in a tropical and a temperate country.

Despite a distance of about 5 000 km and a latitude differ-
ence of about 44° separating our study sites, we observed an

overall similar spectrum of viruses with a predominance of
pneumoviruses, an association of pneumoviruses with younger
patient age, and a seasonal predominance of pneumoviruses in

cold and picornaviruses in warm weather conditions.
It is unclear to what extent climatic factors influence ARI

viruses in temperate and tropical climates [21]. For the well-
investigated virus Flu A, cold weather and low humidity prob-

ably favour transmission and incidence (summarized in ref.
[22]). Additionally, a preferential transmission of Flu A by

aerosol in temperate climates has been hypothesized, in
contrast to predominant transmission by contact in the tropics
[23]. Because Flu A/B detection rates were similar between

Germany and Ghana, climatic conditions may have favoured
incidence in Germany to a similar extent to the increased

contact in Ghana. Contact-mediated transmission in crowded
households during the tropical rainy season may also cause a

higher incidence of RSV [24]. This is in line with our observa-
tion that the detection rate of pneumoviruses in Ghana peaked

only in the second of two rainy seasons, coinciding with a
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology
higher rainfall at that time compared with the first rainy season.
Increased transmission of pneumoviruses probably also

contributed to the high number of pneumovirus detections
during the German winter. Finally, the environmental stability

of non-enveloped picornaviruses did not seem to correlate
with an expected importance of these viruses as causes of ARI

in the tropics [22].
Our study yielded lower overall virus detection rates than

previous studies covering the majority of respiratory viruses by
sensitive molecular techniques [1,2]. In particular, the 43.2%

rate in Ghana was lower than that in the few previous African
studies using similar methodologies. However, strong region-
specific and time-specific differences may exist in tropical ARI

virus patterns. Examples for different viruses predominating in
African studies include RhVs in a study from South Africa (37%

of all virus detections; conducted during 2009–12) [6],
hPiV1–3 and RhVs in Nigeria (35% each; 2009) [25], Flu A/B/C

in Cameroon (28%; 2009) [3] and AdVs in Senegal (22%; 2012/
13) [5]. Furthermore, African patient collectives may differ, for

instance, based on the rate of underlying conditions such as
human immunodeficiency virus type 1 (HIV-1) infection [6].
HIV prevalence in Ghana is 1.5%, whereas that of other African

study sites yielding higher overall virus detection rates ranges
from 0.5% (Senegal) to 18.9% (South Africa) [26]. The lower

virus detection rate in Ghana compared with other African
studies is therefore unlikely to be the result of HIV co-infection

alone.
Regarding potential differences in patient collectives, it should

be noted that our study contained two different clinical cohorts.
InGhana, specimenswere collected fromoutpatients, whereas in

Germany, specimens were collected from inpatients. We
therefore cannot exclude that German inpatients may have
presented with more severe ARI compared with Ghanaian out-

patients, and that this may have influenced virus spectra and
detection rates. This would be consistent with the higher
and Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 340–346



FIG. 1. Virus seasonality. Seasonality of enveloped viruses (a) and non-enveloped viruses (b) in Kumasi, Ghana and of enveloped viruses (c) and non-

enveloped viruses (d) in Bonn, Germany. Blue-shaded months represent winter in Germany and rainy season in Ghana, the black line indicates the

aggregate number of collected samples per month. In (c) and (d), primary and secondary y-scales differ to ensure visibility of individual viruses showing

low detection rates.
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pneumovirus detection rate in Germany. Unfortunately, we

could not compare ARI severity between our sites. However, a
previous study from our groups investigating Ghanaian inpatients

with ARI yielded a pneumovirus detection rate of 14% [27]. This
was near-identical to the 13% pneumovirus detection rate in
Ghanaian outpatients in the present study. Altogether, these data

speak against a major bias from cohort composition, suggesting
that the German and Ghanaian cohorts can be compared

regarding their ARI epidemiological patterns. Of note, we cannot
exclude that only Ghanaian parents living in close proximity to

the outpatient clinic or with children experiencing more severe
disease sought medical attention, hence explaining the similar

pneumovirus detection rates in Ghanaian inpatients and
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
outpatients. This hypothesis is supported by previous work from

our groups showing that travel distance to medical institutions
significantly affects health care utilization in rural Ghana [28].

The strengths of our study include the largely overlapping
period of patient specimen collection during 2008. This pre-
vented a bias caused by pandemics of single viruses, such as the

Flu A H1N1v pandemic in 2009/10 [29]. A major advantage
over previous studies is the use of identical diagnostic tests

under controlled conditions, including quantified controls to
exclude variation in assay sensitivity during the study period.

In summary, our data suggest that poorer hygienic conditions
in resource-limited tropical areas neither result in a generally

higher detection rate of respiratory viruses, nor do they favour
ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 340–346



FIG. 2. Viral co-infections. (a) Percentage of multiple infections at the

two study sites. The total number of patients testing positive for any

virus under study is indicated below sites. (b) Co-infections of individual

viruses in Kumasi, Ghana and Bonn, Germany. The pie chart shows

percentage of cases with a single infection of the respective pathogen

(slice a), the share of multiple infections (slice b) and the co-infecting

viruses identified by individual colours (slice c). The total number of

individual virus detections is given below each pie chart per site.
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the detection of physically more stable non-enveloped viruses.

To provide more robust data on the factors contributing to the
burden of ARI in different economic and climatic conditions,

population-based cross-sectional studies containing standard-
ized clinical and sociological data will be required. Ideally,

similar study sites from different countries representing tropical
and temperate climates should be involved.
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