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Abstract
Introduction: There are limited data on risk of severe disease or outcomes in patients 
with influenza and pulmonary tuberculosis (PTB) co‐infection compared to those 
with single infection.
Methods: We conducted a systematic review of published literature on the interac‐
tion of influenza viruses and PTB. Studies were eligible for inclusion if they presented 
data on prevalence, disease association, presentation or severity of laboratory‐con‐
firmed influenza among clinically diagnosed or laboratory‐confirmed PTB cases. We 
searched eight databases from inception until December 2018. Summary character‐
istics of each study were extracted, and a narrative summary was presented. Cohort 
or case‐control studies were assessed for potential bias using the Newcastle‐Ottawa 
scale.
Results: We assessed 5154 abstracts, reviewed 146 manuscripts and included 19 
studies fulfilling selection criteria (13 human and six animal). Of seven studies report‐
ing on the possible effect of the underlying PTB disease in patients with influenza, 
three of four analytical studies reported no association with disease severity of influ‐
enza infection in those with PTB, whilst one study reported PTB as a risk factor for 
influenza‐associated hospitalization.
An association between influenza infection and PTB disease was found in three of 
five analytical studies; whereas the two other studies reported a high frequency of 
PTB disease progression and complications among patients with seasonal influenza 
co‐infection.
Conclusion: Human analytical studies of an association between co‐infection and 
severe influenza‐ or PTB‐associated disease or increased prevalence of influenza co‐
infection in individuals' hospitalized for PTB were not conclusive. Data are limited 
from large, high‐quality, analytical epidemiological studies with laboratory‐confirmed 
endpoints.
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1  | INTRODUC TION

Influenza virus infections cause substantial annual morbidity and mor‐
tality in humans worldwide.1-3 Globally, it is estimated that annual in‐
fluenza epidemics result in three to five million cases of severe illness 
and between 290 000 and 650 000 influenza‐associated respiratory 
deaths.4,5 In 2015, there were an estimated 10.4 million incident cases of 
tuberculosis and 1.8 million tuberculosis deaths globally.6 In 2015, tuber‐
culosis was the most common cause of infectious disease‐related deaths 
worldwide, with the majority of cases reported in Asia and Africa.6

Both influenza and tuberculosis impair host immune responses. 
Specifically, influenza can impair T‐cell immunity and weaken innate 
immune responses against secondary bacterial infections.7-12 Lethal 
synergism associated with viral and bacterial infections can result in 
increased risk of influenza‐associated mortality.13 Furthermore, indi‐
viduals with pulmonary tuberculosis (PTB) may be at increased risk 
for severe influenza disease and death due to chronic lung disease 
and immunosupression. Ecological studies and mathematical mod‐
elling of epidemiologic data suggest an increase in the frequency of 
influenza disease or severe influenza‐associated disease in individ‐
uals with PTB during influenza pandemics14-18 or during seasonal 
influenza epidemics19 compared with otherwise healthy individuals.

Influenza infection may facilitate the progression of latent 
Mycobacterium tuberculosis infection to tuberculosis disease and 
alter the clinical presentation of tuberculosis.20 It is also possible 
that influenza infection may exacerbate PTB.

Whilst chronic lung diseases are a known risk factor for severe 
outcomes due to influenza infection and influenza vaccination is 
recommended in this group, PTB is not listed as a separate prior‐
ity group.21 Understanding the interaction between influenza and 
PTB may assist in determining whether individuals with PTB should 
be prioritized for influenza vaccination and treatment with antiviral 
medications. We conducted a systematic review of published litera‐
ture on the association between laboratory‐confirmed influenza and 
PTB, that is influenza in individuals with tuberculosis and tubercu‐
losis in individuals with influenza infection, in order to summarize 
whether co‐infection affects presentation, progression or disease 
outcome.

2  | METHODS

We conducted a systematic review, which is reported in accordance 
with PRISMA guidelines,22 to summarize whether individuals with 
co‐infection present with severe influenza or PTB disease as com‐
pared to those with single infection or disease. Burden, transmission 
and severity of co‐infection were included for completeness.

2.1 | Eligibility and inclusion criteria

This review was restricted to published abstracts and articles from 
inception to December 2018 that reported data on the association 

(burden of disease, transmission and severity) between laboratory‐
confirmed influenza and clinically diagnosed or laboratory‐confirmed 
PTB. Due to the scarcity of published data, descriptive studies, in‐
cluding studies without comparison groups, were included. Articles 
that included seasonal or pandemic influenza and animal experi‐
mental studies were also included. For human studies, inclusion was 
limited to studies in which influenza was laboratory‐confirmed and 
tuberculosis included PTB. Animal studies were included as they 
may provide useful insights into possible underlying mechanisms 
of interactions in humans. Studies that modelled ecological data on 
the association between influenza and tuberculosis, individual case 
reports, vaccine studies and influenza antiviral therapy in patients 
with tuberculosis were not included. Study selection is summarized 
in Figure 1.

2.2 | Search strategy

We conducted a systematic review of the scientific literature identi‐
fied through searches using online databases. For our search, we in‐
cluded terms for influenza (“influenza” or “flu” or “influenza virus” or 
“human influenza”) and for tuberculosis (“tuberculosis” or “TB”). The 
Medline, Embase, PsycINFO, CINAHL, Web of Science, Cochrane, 
CAB Abstracts and Global Health databases were searched. The 
search strategy, which was completed in consultation with a re‐
search librarian, differed slightly by database (Appendix S1). In ad‐
dition, bibliographies of papers that were reviewed were checked 
for further relevant publications. The search was restricted to ar‐
ticles published in English, French, Italian, German, Russian, Finish, 
Japanese or Portuguese.

2.3 | Study selection

Literature search results (titles and abstracts) were screened inde‐
pendently by two authors (SW and one of the co‐authors: CC, AN, 
JM, ALC or MM) to identify all citations that possibly met the inclu‐
sion criteria. Full manuscripts of selected citations were retrieved 
and assessed by one reviewer (SW) against the inclusion/exclu‐
sion criteria and checked independently by a second reviewer, one 
of the co‐authors (ALC, MM, JM, AN, CC, ST). Additional articles 
were identified from reviewing bibliographies of published articles. 
Discrepancies in included articles were resolved by consensus be‐
tween the two reviewers with involvement of a third reviewer (CC) 
where necessary. Animal experimental studies, descriptive and ana‐
lytic studies in humans were included. Studies that reported data on 
the association between laboratory‐confirmed influenza and clini‐
cally diagnosed or laboratory‐confirmed PTB including the following 
were included:

•	 Prevalence and risk for influenza‐associated severe disease 
among patients with PTB disease;

•	 Prevalence and risk for PTB‐associated severe disease among pa‐
tients with influenza infection;
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•	 Effect of influenza on PTB disease progression
•	 Clinical presentation of influenza and PTB co‐infection; and
•	 Immune response to co‐infection, presentation or outcome of in‐
fluenza‐tuberculosis co‐infection in animal studies.

2.4 | Data extraction and synthesis

Data extracted from each study were entered into a Microsoft Excel 
worksheet, including: year published, study design, type of study 
(descriptive vs analytical), location of study, period of study, sample 
size, study setting (hospital/ICU/outpatient), type of influenza test‐
ing, tuberculosis testing method (microscopy, culture, polymerase 
chain reaction [PCR]), results (influenza and tuberculosis), influenza 
strains, outcome and findings. In studies where only a number of 
cases or percentage was reported, we calculated the counterpart for 
the review. We summarized data under two groups, PTB in patients 
with influenza and influenza in patients with PTB; this was decided 
after examination of data. We did not stratify by age, gender or other 
characteristics.

Individual studies were independently assessed for potential bias 
or confounding. When studies used either cohort or case‐control 
designs, we used the Newcastle‐Ottawa Scale to rate the quality of 
the included papers.23 Studies were considered high quality if the 
Newcastle‐Ottawa Scale was ≥7 out of 9 and were considered of 
low quality if the score was ≤3 out of 9. Study methods differed; 
summary measures (odds ratios, relative risks), when reported, were 
abstracted. Data synthesis consisted of reporting the key findings 
of the different studies. Where possible the studies were classified 
according to whether they fall among the 22 high tuberculosis bur‐
den countries (HBC) that account for aproximately. 80% of world's 
tuberculosis cases.3 Review protocol attached (Appendix S2).

2.5 | Ethics

Since this study used published data, it was exempt from human sub‐
jects ethics review.

3  | RESULTS

The search identified 5752 records; 598 of these were duplicates 
and were removed. Seven additional records were identified through 
other sources (Figure 1). The remaining 5154 titles and abstracts 
were screened. Of these, 146 articles were identified for full review, 
and 19 articles met the inclusion criteria. Of these, 13 were in hu‐
mans and six were animal experimental studies.

3.1 | Human studies

Of the 13 human studies, 10 used real‐time reverse transcription 
polymerase chain reaction (RT‐PCR) and three used unpaired se‐
rology to test for influenza infection. A total of 27 566 individu‐
als (range 1924‐12 19625) were included in human studies, 12 777 
(range 3126 to 12 19625) in descriptive and 14 789 (range 1924 to 
364627) in analytical studies (Tables 1 and 2). Eight of the human 
studies were analytical.24,27-33 Eight studies had laboratory‐con‐
firmed results for both influenza and tuberculosis (Tables 1 and 2). 
Nine studies were from high burden countries including six from 
Africa. In addition, three studies from Europe reported data from a 
period (1952‐1963) with high tuberculosis prevalence. Three of the 
eight analytical studies were of high quality. Six studies reported 
on PTB disease in individuals with influenza,24,25,27,29,34,35 six on 
influenza in individuals with the underlying PTB26,28,31-33,36 and 
one on both (Tables 1 and 2).30

F I G U R E  1  Flow diagram for systematic 
review of influenza and tuberculosis co‐
infection
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3.2 | The effect of PTB in patients with influenza

Of the seven studies that reported on PTB in individuals with in‐
fluenza, six were from HBCs (Table 1)24,27,29,30,34,35 and four were 
analytical studies.24,27,29,30

3.3 | Descriptive studies

Three descriptive studies from HBC using data from the 2009 in‐
fluenza pandemic reported the prevalence of PTB in individuals 
with influenza. Two of these studies reported a high frequency of 
tuberculosis (9% and 10%) in cases hospitalized with influenza and 
among influenza deaths relative to expected community prevalence. 
However, no inferences could be made on the significance of the 
association as there were no comparison groups or data were not 
evaluated statistically.34,35 In a report of individuals that died with in‐
fluenza A(H1N1)pdm09 virus infection in South Africa, the underlying 
PTB was identified in seven (10%) of the 72 deaths, which was higher 
than the 1% general population prevalence in 2006.34 Similarly, in a 
hospital‐based case series of patients positive for influenza A(H1N1)
pdm09 virus in India, 9% of influenza cases had PTB compared with 
0.4% tuberculosis prevalence in general population (P < .001).35 In a 
case series of patients infected with influenza A(H1N1)pdm09 virus 
in South Korea <1% (7/12 196) had newly diagnosed PTB and there 
were no deaths among the co‐infected individuals (0/7).25

3.4 | Analytical studies

Three of the four analytical studies were from HBC, including one 
of high quality that reported no association with severe disease 
among patients with influenza‐PTB co‐infection compared to pa‐
tients with influenza only.24,29,30 One analytical study reported 
PTB as a risk factor for influenza‐associated severe acute respira‐
tory illness (SARI) hospitalization.27 In this case‐population study 
from South Africa, tuberculosis was twice as prevalent among hos‐
pitalized influenza‐associated SARI cases compared with the gen‐
eral South African population (case‐population ratio [CPR] 1.85, 
95%CI 1.68‐2.02).27 A case‐control study from Kenya reported 
that 6% of hospitalized cases with influenza‐associated SARI had 
PTB compared with <1% of neighbourhood‐matched controls (un‐
adjusted OR 12.0, 95% CI 1.3‐107.37); however, the underlying 
PTB was not associated with influenza hospitalization on multivar‐
iable analysis.29 Less than 1% (23/7180) of patients hospitalized 
for acute respiratory illness and enrolled in a study from Thailand 
were co‐infected with influenza viruses and tuberculosis. There 
were no deaths among the 23 cases with influenza‐TB co‐infec‐
tion, whereas 17 (2.8%) deaths occurred among cases in whom 
only influenza was identified, P = .1.30 In a review of 19 cases with 
laboratory‐confirmed influenza A(H1N1)pdm09 virus infection 
with respiratory failure admitted to an intensive care facility in 
South Africa, PTB was present in 4/13 (30%) who died vs 0/6 (0%) 
who survived P = .5.24

3.5 | The effect of influenza in patients with PTB

Of the seven papers that reported data on influenza in patients with 
PTB (Table 2),26,28,30-33,36 four were from tuberculosis HBCs and 
the other three were from Europe in a period with high tuberculosis 
prevalence.30-33 Four of these papers were reported by the authors 
as analytical studies,30-32,36 and a fifth28 had data suitable for au‐
thors of this manuscript to review analytically.

3.6 | Descriptive studies

Two descriptive studies reported on influenza in cases with tuber‐
culosis housed at a sanatorium. Of these, one study described the 
effect of seasonal influenza on tuberculosis disease progression and 
complications.26 This study, from the Netherlands in 1967, among 
children institutionalized with primary tuberculosis of the lungs and 
hilar lymphadenopathy reported a high frequency of developing sec‐
ondary segmental pulmonary lesions, suggesting progression of PTB 
following serologically diagnosed influenza virus infection (defined 
as greater than fourfold rise in anti‐influenza virus antibody titres).26 
The other study in a tuberculosis sanatorium in the United States 
described the effect of superimposed viral infection on existing tu‐
berculosis following an outbreak of the 1957 influenza A pandemic 
virus, in which two of 31 TB paediatric cases with influenza infec‐
tion had evidence of worsening of tuberculosis on chest radiography 
(Table 2).36

3.7 | Analytical studies

In an observational study from South Africa, hospitalized cases with 
influenza‐PTB co‐infection compared to cases with tuberculosis only 
had increased risk of death (adjusted relative risk ratio [aRRR 3.1, 95% 
CI 1.1‐10.1]). This association was, however, only observed in patients 
with symptoms ≥7 days (aRRR 5.5, 95% CI 1.2‐25.30) and not in cases 
with symptoms <7 days (aRRR 0.9, 95% CI 0.1‐8.6).32 In a case series 
during an influenza B epidemic in a Danish tuberculosis sanatorium, 
13% (7/53) of individuals co‐infected with influenza viruses compared 
to 2% (3/142) of individuals with tuberculosis only developed tuber‐
culosis complications which included radiological changes or sputum 
conversion back to being positive (P = .005).28 Among children admit‐
ted with suspected tuberculosis in a study from South Africa, a higher 
prevalence of influenza C was detected in children with laboratory‐
confirmed PTB compared with unlikely tuberculosis (18% [6/34] vs 4% 
[4/94], P = .04).33 A case‐control study from Indonesia investigating the 
putative association between tuberculosis and influenza virus infec‐
tion reported no association between the development of clinically ac‐
tive PTB, either through reactivation of latent tuberculosis or directly 
after exposure to M tuberculosis, and influenza virus infection as meas‐
ured by unpaired serology in cases with newly diagnosed tuberculosis 
and community controls. The proportion of individuals with influenza 
virus antibody titres ≥10 against influenza A(H3N2) and A(H1N1) vi‐
ruses in patients with tuberculosis were similar to matched community 
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controls; however, the antibody titre levels for influenza A(H3N2) virus 
at time of tuberculosis diagnosis were significantly higher (1.7 times 
higher, P = .002) in cases with PTB compared to controls. In addition, 
the difference in titres between cases with advanced PTB on chest X‐
ray and their controls was significantly higher than in cases with mild 
to moderate tuberculosis and their controls.31 Among 23 patients with 
concurrent PTB and influenza infection from Thailand, none died, com‐
pared with 30 (4.7%) deaths among the individuals with only tubercu‐
losis; however, this was not statistically significant (P = .62).30

3.8 | Summary of quality of human studies

Of the eight analytical studies, three were high‐quality studies as as‐
sessed by the Newcastle‐Ottawa score, of which one showed an as‐
sociation between influenza‐PTB co‐infection and increased mortality 
compared with tuberculosis only32 and two showed no association 
between co‐infection and severe influenza disease29 or correlation be‐
tween influenza infection and tuberculosis.31 Over a third of the stud‐
ies about PTB and influenza virus co‐infection were descriptive case 
series that included univariate analysis, and the causal relationship 
could not be demonstrated. Some of the studies used clinical criteria 
for PTB cases; however, the specifics of the criteria used were not al‐
ways fully described. Among the studies that included laboratory‐con‐
firmed PTB, screening for tuberculosis was not done systematically.

3.9 | Summary of findings from experimental 
animal models

In murine models, five studies suggested that influenza and tubercu‐
losis co‐infection affected tuberculosis and influenza disease pres‐
entation or outcome,20 and one study showed no effect (Table 3).37 
Five of the murine studies reported on the effect of influenza on 
tuberculosis, and one study reported on the effect of influenza on 
tuberculosis and the effect of tuberculosis on influenza.

3.10 | Effect of influenza on tuberculosis

Volkert et al20 showed that the course of experimental infection 
with tubercle bacillus in mice was worsened by simultaneous in‐
fluenza infection (influenza A virus and tubercle bacilli challenge at 
week 0) and influenza infection superimposed on tuberculosis infec‐
tion (influenza challenge 3 weeks after TB challenge). Co‐infection 
resulted in more extensive and rapid development of PTB lesions 
in mice than infection with tubercle bacillus only. Florido et al38 re‐
ported that pulmonary bacille Calmette‐Guerin (BCG)‐specific CD8 
T‐cell responses were impaired in co‐infected mice. Concurrent 
infection of mice with influenza virus and BCG (challenge on day 
0) and sequential infection of mice with TB and influenza virus (TB 
infection on day 0 and influenza virus 7 weeks later) compared to 
infection with BCG only resulted in reduction in BCG‐specific CD4 
and CD8 T‐cell responses, increased pulmonary disease and a delay 
in mycobacterium clearance from the lungs of infected mice. For 
sequential infection with influenza, the reduction in BCG‐specific 

CD8 T‐cell response was only evident in mice with untreated TB 
compared with mice that had cleared TB. Concurrent infection with 
influenza virus and tuberculosis reduced generation of protective T‐
cell responses against intracellular mycobacteria but did not affect 
control of pulmonary influenza viral loads (no difference between 
co‐infected mice compared with the influenza only group).38

Redford et al39 demonstrated that influenza A virus infection of 
mice 28 days before or during (on day 1 or day 14) M tuberculosis infec‐
tion enhanced susceptibility to tuberculosis and impaired mycobacte‐
rium control and decreased host survival. Bernard et al37 showed that 
in M tuberculosis‐infected mice, influenza virus challenge 1‐5 weeks 
after M tuberculosis infection, compared with M tuberculosis‐only in‐
fected mice, resulted in 50%‐75% shorter survival time and a higher 
case‐fatality rate. In addition, the effect of influenza virus on tubercu‐
losis severity, measured by amount of tissue damage, increased with 
increasing time of tuberculosis infection prior to the influenza virus 
challenge. Five per cent of the mice infected with influenza alone died 
compared to 100% of the mice infected with influenza and tuberculo‐
sis. This was corroborated in a study by Bernard et al37 in which 5% of 
the mice infected with influenza alone died compared to 100% of the 
mice infected with influenza and tuberculosis (Table 3). 

Massanari (1979) reported that tuberculin hypersensitivity in 
mice was temporarily suppressed following an intranasal influenza 
virus challenge; however, a normal response resumed after resolu‐
tion of influenza virus infection. Tuberculin hypersensitivity, tested 
4‐6 weeks after tuberculosis infection, was temporarily suppressed 
from day 3 to day 16 post an intranasal influenza virus challenge.40 In 
contrast, Co et al41 showed that influenza viruses had little effect on 
mycobacterial load and did not affect dissemination of tuberculosis 
in a mouse model. They showed that T cells responding to an acute 
influenza virus infection can modulate host responses to an ongoing 
BCG infection. Though not statistically significant, acute infection 
with influenza in mice with chronic Mycobacterium bovis BCG infec‐
tion moderately increased the acid‐fast bacilli load in the liver.41

4  | DISCUSSION

Our systematic review suggests that analytical studies exploring the in‐
teraction between laboratory‐confirmed influenza virus infection and 
clinically diagnosed or laboratory‐confirmed PTB are severely limited. 
Experimental animal studies suggest an association, specifically that in‐
fluenza‐tuberculosis co‐infection in mice results in more severe disease 
than influenza only or tuberculosis only disease. Observational studies 
among humans showed mixed results. Fifty per cent (4/8) of the ana‐
lytical studies, one of which was of high quality, showed an association 
between co‐infection and severe influenza‐ or tuberculosis‐associated 
disease or increased prevalence of influenza co‐infection in individuals 
hospitalized for tuberculosis.27,28,32,33 The other half (4/8) of the analyti‐
cal studies, two of which were of high quality, showed no association be‐
tween co‐infection and progression of tuberculosis or influenza disease 
or severe outcomes, that is they did not show that influenza affected PTB 
presentation and outcomes, or that PTB affected influenza presentation 
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and outcomes. Three of the descriptive studies, although not assessed 
for statistical significance, reported either a high prevalence of co‐in‐
fection in cases with severe influenza disease34,35 or increased severe 
disease or progression of disease in co‐infected individuals.26

Of the five studies reporting on pandemic influenza only, two 
descriptive studies from HBCs reported a high prevalence of tuber‐
culosis in cases with severe influenza‐associated disease.34,35 These 
studies presented limited univariate analyses. Pandemic influenza 
may behave differently to seasonal influenza because of lack of pre‐
existing immunity, and the likely interaction between influenza and 
tuberculosis might be immunologically mediated. High levels of cy‐
tokines produced as part of the inflammatory response to infection 
with a pandemic virus have been reported to result in severe influ‐
enza‐associated lung damage.42 Some studies have demonstrated 
a higher mortality due to 2009 pandemic influenza as compared 
to seasonal influenza.43-45 High‐quality epidemiological studies are 
required to assess whether the severe disease and outcomes as‐
sociated with influenza‐PTB co‐infection are driven by pandemic 
phenomena as this may have implications for recommendations and 
prevention strategies. However, even if the association between in‐
fluenza and PTB is less marked during seasonal influenza epidemics, 
targeting individuals with active PTB for influenza vaccination and 
antiviral treatment in HBCs could still potentially prevent signifi‐
cant morbidity and mortality and might also prevent further spread 
of tuberculosis during the intensive phase if influenza increases 
coughing. In this review, all the analytical studies were conducted 
in high burden countries. It is important to understand the back‐
ground prevalence of tuberculosis where studies are conducted for 
better interpretation of the results. In countries with low tuberculo‐
sis burden, it is possible for studies not to identify increased preva‐
lence of co‐infection or detect an association between co‐infection 
and severe outcomes, purely because of low numbers due to low 
tuberculosis prevalence in the community. In some of the analytical 
studies included in our review, lack of association may be due to 
the inclusion criteria, for example only including lower respiratory 
tract infection (LRTI) cases with acute presentation and not system‐
atically testing for PTB in patients with severe respiratory illness. 
Depending on the magnitude of tuberculosis burden, results may 
have different implications for prioritization in different settings.

Since the 1950s, authors have recommended influenza vaccina‐
tion among patients with tuberculosis during influenza epidemics.28 
Influenza vaccination is the most effective way to prevent influenza‐
associated disease. Influenza vaccine has been shown to generate an‐
tibody response in patients with tuberculosis that is similar to those 
without tuberculosis, although these studies were conducted in the 
1950s and 1960s and did not include HIV‐infected individuals.36 
Antiviral treatment for influenza improves outcomes for patients with 
severe influenza‐associated disease.46 However, both vaccines and an‐
tiviral treatment have cost implications and are not easily accessible in 
low‐ to middle‐income countries where the burden of tuberculosis and 
influenza are high.47 Identifying PTB patients as a risk group for severe 
influenza‐associated disease may assist policymakers in making deci‐
sions about prioritizing this group of patients for influenza vaccination 

and treatment with influenza antiviral treatment. More high‐quality ep‐
idemiological data from high tuberculosis burden settings are needed 
to address this question. In addition, more studies are needed to de‐
termine whether seasonal or pandemic vaccines or influenza antivirals 
should be prioritized for PTB patients and whether patients hospital‐
ized with influenza‐associated illness should be investigated for PTB.

Although some descriptive and analytical studies inferred wors‐
ening of PTB in co‐infected individuals,26,36,48 besides the meth‐
odological limitations of the studies, changes reported could have 
simply reflected a superimposed viral or bacterial infection in cases 
with the underlying PTB rather than worsening of tuberculosis. In 
addition, there was no comparison of radiological findings in patients 
with and without co‐infection to assess whether changes in the lungs 
were a factor in the presentation or outcomes of influenza‐associ‐
ated disease. The one study which showed an increase in pulmonary 
lesions did not present results on whether the radiological changes 
correlated with deterioration in clinical presentation.

One of the studies suggested that compared to individuals infected 
only with tuberculosis, individuals with influenza‐PTB co‐infection had 
increased risk of death, and this association was not observed in pa‐
tients with a more acute presentation. If cases with more chronic PTB 
are more at risk of severe influenza disease, this might explain the lack 
of association in some of the studies which only included LRTI patients 
with an acute presentation.29,30 If the association with severe disease 
and poor outcomes is more prevalent in patients with a more chronic 
presentation, this may further assist in making decisions about which 
tuberculosis cases to prioritize for interventions, especially in coun‐
tries where the tuberculosis burden is high and resources are limited.

The mechanism by which influenza‐PTB co‐infection leads to 
severe influenza‐associated disease may be secondary to the un‐
derlying lung damage caused by PTB. It is possible that those who 
had severe outcomes from co‐infection already had the underlying 
lung damage from PTB leading to reduced lung capacity to deal with 
a viral infection such as influenza. Seki et al49 suggested that the 
underlying chronic lung diseases such as tuberculosis may be an im‐
portant factor in the increase in frequency of secondary bacterial 
pneumonia in persons with influenza, which in turn can lead to in‐
creased frequency of complications.

Some of the studies reported on tuberculosis in patients from 
sanatorium.26,28,36 It is possible that the high prevalence of influenza 
reported in these studies is due to increased risk of influenza transmis‐
sion resulting in high transmission rates in these closed settings. In ad‐
dition, the influenza transmission may not reflect community‐acquired 
influenza and results from these studies cannot be generalizable to 
other settings. Due to a possibility of increased risk of high concentra‐
tion of persons with co‐morbidities resulting in poor outcomes, closed 
settings should be prioritized for influenza vaccination.

There were a number of limitations to this systematic review. Broad 
search terms were used to increase sensitivity to identify relevant arti‐
cles, although this may have somewhat reduced search specificity. Over 
a third of the observational studies were descriptive, and due to the na‐
ture of these studies, an association could not be evaluated. The type 
of tuberculosis included differed among the studies, with some studies 
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reporting newly diagnosed tuberculosis, some reporting on cases in a 
tuberculosis sanatorium for a number of months and some included 
cases who had completed tuberculosis treatment, thus making data 
less comparable. There were differences in the population tuberculo‐
sis incidences where studies were conducted which could affect the 
power to detect an association. However, the majority of studies were 
from tuberculosis high burden countries or were conducted during the 
period when tuberculosis burden was high. We included animal studies 
although these may not be generalizable to humans.

Many studies did not adequately assess the underlying condi‐
tions such as HIV and malnutrition. HIV infection is a risk factor for 
severe influenza disease as well as for PTB, and it is an important 
contributor to the overall burden of severe influenza in high HIV‐
prevalence settings.50,51 However, only a few papers reported data 
on HIV infection.27,29,30,32 In one study, patients with co‐infection of 
HIV and PTB were at high risk of being hospitalized with influenza; 
however, the number of co‐infected individuals was low and the as‐
sociation was not statistically significant.29 If the association with se‐
vere disease is higher in patients with the underlying HIV infection, 
it may be difficult to differentiate the role played by the individual 
infection. Other conditions such as malnutrition, which like tubercu‐
losis are prevalent in HBC, were not evaluated in included articles 
and may be confounders in the association between influenza and 
PTB. The numbers of participants in most studies were small, and 
this could have limited the ability to detect significant associations. 
Other important areas that were not addressed by the studies re‐
viewed include whether influenza infection caused reactivation of 
latent tuberculosis or whether the acute viral infection precipitated 
a visit to the doctor in patients who already had tuberculosis disease. 
Studies in Chinese were not included in the review, and therefore, 
our review may not reflect the full body of literature on this topic.

5  | CONCLUSION

Although the majority of experimental animal studies suggested in‐
creased severity of disease with co‐infection of influenza and PTB, 
only half of the analytical studies on influenza and PTB in humans 
found the same. Descriptive studies, although they could not evalu‐
ate an association, reported an increased prevalence of co‐infection 
among cases with severe influenza or PTB disease. Data are limited 
from large epidemiological studies, studies with laboratory‐con‐
firmed influenza and PTB, studies from high tuberculosis burden 
settings and studies that include data on HIV. In order to study the 
association between influenza and PTB and make inferences about 
causal associations, more epidemiological studies with systematic 
testing for influenza and tuberculosis are needed.
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