
Estimating the prevalence of coinfection with influenza virus and 
the atypical bacteria Bordetella pertussis, Chlamydophila 
pneumoniae, and Mycoplasma pneumoniae

M. J. Mina,
Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ 08544, USA

Department of Global Health, Emory University Rollins School of Public Health, 1518 Clifton 
Road, Atlanta, GA 30322, USA

R. M. Burke, and
Department of Epidemiology, Emory University Rollins School of Public Health, 1518 Clifton 
Road, Atlanta, GA 30322, USA

K. P. Klugman
Department of Global Health, Emory University Rollins School of Public Health, 1518 Clifton 
Road, Atlanta, GA 30322, USA

Department of Epidemiology, Emory University Rollins School of Public Health, 1518 Clifton 
Road, Atlanta, GA 30322, USA

Abstract

Coinfections with common bacterial respiratory pathogens and influenza viruses are well-known 

causes of disease, often via synergistic interactions between the influenza virus, the bacteria, and 

the human host. However, relatively little is known about interactions between atypical bacteria 

and influenza viruses. A recent report by Reinton et al. explored this issue by analyzing data from 

3,661 patients seeking medical assistance for the presence of Mycoplasma pneumoniae, 
Chlamydophila pneumoniae, and Bordetella pertussis, as well as influenza A or B virus in nasal 

swab specimens. The report, however, did not accurately assess the epidemiologic interactions of 

these pathogens. We aimed to describe the interactions between these bacterial species and 

influenza infections. Strong and highly statistically significant antagonistic interspecies 

interactions were detected between C. pneumoniae and influenza virus [odds ratio (OR): 0.09; 

p<0.0001) and M. pneumoniae and influenza virus infections (OR: 0.29; p=0.003). No association 

was detected between B. pertussis and influenza infection (p=0.34), contrary to the initial report, 

and coinfection was not detected at a higher-than-by-chance frequency within the population. 

Further support of these results is supplied by the analysis of two earlier investigations reporting 

data on influenza virus and these atypical bacteria. Our results supplement the large body of 

literature regarding interactions between influenza virus and typical respiratory pathogens, 

michael.j.mina@gmail.com. 

Electronic supplementary material The online version of this article (doi:10.1007/s10096-014-2120-0) contains supplementary 
material, which is available to authorized users.

Conflict of interest The authors declare that they have no conflicts of interest.

HHS Public Access
Author manuscript
Eur J Clin Microbiol Infect Dis. Author manuscript; available in PMC 2016 April 19.

Published in final edited form as:
Eur J Clin Microbiol Infect Dis. 2014 September ; 33(9): 1585–1589. doi:10.1007/s10096-014-2120-0.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



providing a fuller picture of the spectrum of interactions between influenza viruses and respiratory 

bacteria. Further, we demonstrate the importance of choosing the most appropriate reference 

populations for the analysis being performed and describe the pitfalls that may occur when care is 

not taken in this regard.

Introduction

The traditional view of infectious diseases focuses on single infections. However, 

simultaneous infection with multiple pathogen species is increasingly recognized as both 

common and important for disease manifestation, as well as treatment. In the upper 

respiratory tract, where exposure to microbial species is common, interactions between 

pathogens, often mediated by the host, are particularly relevant. Owing in large part to the 

devastating role of bacteria–influenza coinfections during the 1918 influenza pandemic, the 

most well-known, and perhaps well-studied, example of such interspecies interactions in the 

respiratory tract is that between bacterial pathogens—including Streptococcus pneumoniae, 

Streptococcus pyogenes, Staphylococcus aureus, and Haemophilus influenzae—and 

influenza viruses [1, 2]. These coinfections remain important today, highlighted by the 

excess mortality associated with bacterial infections during recent influenza epidemics and 

pandemics [3, 4]. While coinfections between influenza viruses and the above-mentioned 

bacteria are particularly salient, numerous investigations have aimed to quantify the 

prevalence and describe the clinical importance of coinfections between influenza and 

atypical bacteria, such as Klebsiella pneumoniae, Enterococcus, Mycobacterium 

tuberculosis, Mycoplasma and Chlamydophila pneumoniae, and Bordetella pertussis, among 

others [5–8].

Recently, Reinton et al. [9] set out to characterize the prevalence of coinfection of 

Mycoplasma pneumoniae, Chlamydophila pneumoniae, or Bordetella pertussis with 

influenza A or B viruses to determine whether any of these atypical bacterial infections have 

antagonistic or synergistic effects on influenza virus infection, or vice versa. The authors 

used polymerase chain reaction (PCR) to detect bacterial DNA and influenza RNA in nasal 

swab specimens collected from patients seen for respiratory illness by primary care 

physicians in Oslo, Norway, during a 2011 M. pneumoniae epidemic. Out of an original 

sample of 26,039 patients tested for M. pneumoniae, C. pneumoniae, and B. pertussis, 3,661 

were also tested for influenza A or B. The authors found that the odds of detection of 

influenza virus RNA in patients positive for B. pertussis was significantly greater than the 

odds of detecting influenza virus in patients positive for M. pneumoniae [odds ratio (OR): 

2.6, 95 % confidence interval (CI) [1.5–4.9]; p<0.005] and concluded that the “presence of 

B. pertussis DNA and influenza virus RNA [were detected together] at a higher-than-by-

chance frequency in [the] population.”

However, Reinton et al.'s original analyses were performed only in patients positive for each 

bacterial species (see Fig. 1a) and did not include certain necessary reference groups (i.e., 

bacteria-uninfected, influenza-negative individuals). These negative–negative reference 

groups are required in order to complete the relevant 2 × 2 contingency tables for this 

question (Fig. 1b), and without them, it is impossible to assess the effect of the presence of 
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each bacterium on the detection of influenza, or to determine whether bacteria and influenza 

were detected together at a higher- or lower-than-by-chance frequency in the population.

When assessing whether an exposure (e.g., bacteria) affects the frequency of an outcome 

(e.g., influenza) in a population, we aim to answer the question “what difference would we 

have seen in the outcome if, instead of being exposed, the population had been unexposed?” 

Therefore, it is critically important to correctly define the unexposed, or reference, 

population. To conclude, for example, that B. pertussis DNA and influenza virus RNA are 

detected together at an increased frequency in a population implies an analysis against a B. 
pertussis-uninfected reference group. Here, we aimed to properly determine whether 

influenza virus RNAwas detected together with bacterial DNA from any of the three 

pathogens B. pertussis, M. pneumoniae, or C. pneumoniae at a higher- or lower-than-by-

chance in the population. Put differently, we aimed to determine if the carriage of any of 

these atypical bacterial species affects the likelihood of detection of viral RNA.

Methods

Data for the primary analyses were initially identified and retrieved from a previously 

published report by Reinton et al. [9]. To find supporting data, we searched the literature for 

studies that collected presence/absence data on any of the three atypical bacterial pathogens 

M. pneumoniae, C. pneumoniae, or B. pertussis and influenza virus, and selected reports 

with sufficient power to detect interactions. Two studies were identified for which these data 

were collected with moderate to sufficient sample sizes: an analysis by Lieberman et al. 

from 1998 which included all three of the bacteria detected by Reinton et al., but is slightly 

underpowered for the statistical assessment of interspecies interactions, and a study by 

Renner et al. from 1983 that included only M. pneumoniae and influenza infections, but was 

well powered for an analysis of pathogen interaction.

Data were placed into respective 2 × 2 configurations as demonstrated in Fig. 1b and Fisher's 

exact test was used to calculate ORs, 95 % CIs, and probabilities of type I error. All 

statistical analyses were performed within the open-source R computing environment [10].

Results

Utilizing the full population for which data on the presence/absence of each bacterium and 

influenza virus were available (n=3,661), we re-analyzed the data from Reinton et al. with 

complete 2 × 2 contingency tables (Fig. 1b) and calculated, for each of the three bacterial 

species studied (B. pertussis, M. pneumoniae, C. pneumoniae), an OR for the effect of the 

presence of each bacterium on the detection of influenza RNA (Table 1). Contrary to claims 

made in the initial report, B. pertussis was not associated with the detection of influenza 

RNA (OR: 0.78, 95 % CI [0.48–1.29]; p=0.34), demonstrated clearly by the fact that there 

was no significant difference in the prevalence of influenza in B. pertussis-positive versus B. 
pertussis-negative individuals (20.4 % vs. 24.6 %; p= 0.34; Fig. 1b) in this population. On 

the other hand, the prevalence of influenza infection was highly significantly decreased in 

the presence (vs. absence) of infection with either M. pneumoniae or C. pneumoniae. 
Specifically, the prevalence of influenza in those infected with M. pneumoniae was only 
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9.1 %, much less than half the prevalence of influenza in M. pneumoniae-uninfected 

individuals (25.8 %; OR: 0.29, 95 % CI [0.19–0.44]; p<0.0001), and the prevalence of 

influenza among those infected with C. pneumoniae was only 2.9 %, compared to a nearly 

ten-fold higher prevalence of influenza among those without C. pneumoniae infection 

(24.7 %; OR: 0.09, 95 % CI [0.01–0.68]; p=0.003). Thus, while current infection with B. 
pertussis was not significantly associated with the detection of influenza virus RNA, current 

infection with M. or C. pneumoniae did significantly reduce the risk of detection of viral 

RNA in individuals from Reinton et al.'s Norwegian population by 64.7 % and 88.2 %, 

respectively.

To further investigate these interspecies interactions, we analyzed previous reports from the 

literature that described and were of sufficient power to assess interactions between any of 

these three atypical bacterial pathogens and influenza virus (we identified only two papers 

that fit these criteria; see the Methods section and Supplementary Table 1 for the data 

analyzed). In a study by Lieberman et al., we found a >50 % reduction in the detection of 

influenza virus in M. pneumoniae-infected versus uninfected individuals (13 % vs. 34 %, 

respectively; OR: 0.30), which is in strong agreement with our analyses of Reinton et al.'s 

data (OR: 0.29); however, because the study was not powered for this particular analysis, the 

effect did not reach statistical significance (95 % CI [0.03–1.47]; p=0.143). Analysis of the 

data from Lieberman et al. also suggested a trend towards fewer influenza virus infections in 

C. pneumoniae-infected versus uninfected individuals, again in agreement with our analysis 

of Reinton et al.'s data, although the study was even less well powered for this analysis 

(p=0.45). Interestingly, also embedded in Lieberman et al.'s data was a strong trend towards 

reduced influenza infections among individuals infected (n=9) as compared to those 

uninfected (n=113) with B. pertussis (0 % vs. 33 %, respectively; 95 % CI [0.00–1.06]; 

p=0.056), further supporting our assessment that B. pertussis and influenza coinfection did 

not occur at a higher-than-expected frequency in the Norwegian population sampled by 

Reinton et al. A third study, published by Renner et al. [11], did provide data on M. 
pneumoniae and influenza, and was sufficiently powered to detect significant differences in 

the influenza infection status in M. pneumoniae-infected versus uninfected individuals; re-

analysis of this data also demonstrated that influenza infection was highly significantly 

decreased in M. pneumoniae-infected as compared to M. pneumoniae-infected individuals 

(0.8 % vs. 10.2 %; OR 0.07, 95 % CI [0.002–0.405]; p<0.0001).

Discussion

Of primary interest here was a re-analysis of data from a recent report by Reinton et al. 

documenting the infection status of three important atypical bacterial respiratory pathogens, 

M. pneumoniae, C. pneumoniae, and B. pertussis, and influenza virus in 3,661 individuals 

during a recent M. pneumoniae epidemic in Norway in 2011. Contrary to the initial report, 

which, as described, employed inappropriate reference groups for the particular research 

question at hand, we found highly statistically significant evidence of strong antagonistic 

interactions between influenza virus infection status and the presence of M. pneumoniae 
(OR: 0.29) or C. pneumoniae (OR: 0.09) and, also in contrast to the conclusions made in the 

initial report by Reinton et al., no evidence of interaction between B. pertussis and influenza 

virus.
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While a number of other studies have evaluated the prevalence of coinfection between 

influenza virus and these atypical bacteria, most report only the numbers of coinfections in a 

subset of the sample population (e.g., bacterial coinfections only in influenza-infected 

patients) [12–15]. Such studies are important to address the question of the prevalence of 

coinfection given a certain disease state, but often do not provide the necessary data (i.e., 

double-negative reference populations) to assess the association between the bacterial 

infections and the detection of influenza virus. Some studies that do report groups sufficient 

to complete a 2 × 2 table for exposure (i.e., atypical bacterial infection status) and outcome 

(i.e., influenza status) seem to be in agreement with our analysis of Reinton et al.'s data 

reported herein; however, because these studies did not have coinfection as a primary 

concern, they were largely underpowered to detect statistically significant differences [13, 

14]. For example, our re-analyses of Lieberman et al.'s and Renner et al.'s data were in 

agreement with our re-analysis of Reinton et al.'s data in demonstrating antagonistic 

interactions between both M. pneumoniae or C. pneumoniae and influenza virus detection.

The mechanisms underlying the observed reductions described here of influenza virus 

detection in M. pneumoniae-infected and C. pneumoniae-infected patients, as compared to 

their bacteria-uninfected counterparts, have not been directly investigated. However, the 

antagonistic relationship between M. or C. pneumoniae and influenza virus infection (and 

the lack of association of B. pertussis with influenza virus infection) could be explained by 

the innate immune pathways activated by the detection of each of these pathogens, in 

particular those triggered by Toll-like receptor (TLR)-mediated recognition. Specifically, 

while the innate immune response to B. pertussis is primarily TLR-4-mediated [16], the 

responses to both M. pneumoniae [17, 18] and C. pneumoniae [19] are driven in large part 

by TLR-2-mediated pathways. This distinction is important in the context of our analysis, as 

proper clearance of influenza is also known to rely heavily on TLR-2 recognition [20, 21]. 

These commonalities in the innate immune recognition of influenza virus and M. and C. 
pneumoniae could abrogate coinfections with these pathogens and explain the antagonistic 

effects described here. Similarly, the divergent pathways utilized for the detection of B. 
pertussis and influenza virus could explain the lack of association found between B. 
pertussis status and influenza infection.

We hope that this report serves two purposes. Firstly, using data from Reinton et al., we 

describe an important and generally unrecognized antagonism between two atypical 

bacterial pathogens (i.e., M. pneumoniae and C. pneumoniae) and influenza virus infection 

in a notably large sample population. In light of the often synergistic interactions between 

influenza virus and more common bacterial pathogens, such as S. pneumoniae and S. aureus, 
the antagonistic relationships described herein elucidate a fuller understanding of the 

potential spectrum of interactions between influenza viruses and respiratory bacterial 

pathogens. We also clearly demonstrate that no association exists between infection with B. 
pertussis and influenza virus.

Secondly, we hope to highlight the importance of choosing the most appropriate analytic 

approach for the research question at hand. In this particular case, by utilizing the full data 

set provided by Reinton et al., including 3,661 cases with complete bacterial and influenza 

virus statuses, rather than only the cases positive for bacteria as selected by Reinton et al., 
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we were able to calculate ORs to address the association between the presence of each 

bacterium and influenza virus (which may reflect a causal effect). While Reinton et al. 

described the relative frequency of the detection of influenza virus in B. pertussis-infected 

versus M. pneumoniae-infected patients, our re-analysis with complete 2 × 2 tables provides 

important information on whether influenza virus RNA was detected together with each 

bacterium at a frequency greater-than, less-than, or no-different-than that which would be 

expected in the population given no association between the pathogens.

As the threat of infectious disease pandemics becomes increasingly relevant, and our 

understanding of multispecies interactions grows, along with our capacity to detect and 

analyze such interactions, it is critical to ensure that we utilize data to their full potential, 

including selecting the most appropriate and informative analytic methods for the research 

questions posed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Transformation of the contingency table for bacteria–influenza interactions. a Contingency 

table reported by Reinton et al. [9]. b Updated 2 × 2 contingency table (based on data from 

Reinton et al. [9]) to assess associations between atypical bacteria and influenza virus
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Table 1

Detection of influenza in bacteria-positive vs. bacteria-negative samples

Odds ratio [95 % CI] p-Value Study supplying data

M. pneumoniae (pos. vs. neg.) 0.29 [0.19-0.44] <0.0001 Reinton et al.

0.30 [0.03-1.47] 0.143 Lieberman et al.

0.07 [0.002-0.41] <0.0001 Renner et al.

C. pneumoniae (pos. vs. neg.) 0.09 [0.01-0.68] 0.003 Reinton et al.

0.60 [0.16-1.89] 0.45 Lieberman et al.

B. pertussis (pos. vs. neg.) 0.78 [0.48-1.29] 0.34 Reinton et al.

0.00 [0.00-1.06] 0.056 Lieberman et al.

a. Analyses performed on data reported by Reinton et al. [9], Lieberman et al. [14], and Renner et al.[11]

b. Study underpowered for this analysis at an alpha of 0.05

c. Study highly underpowered for this analysis at an alpha of 0.05
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