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ABSTRACT 

BACKGROUND 

For both influenza disease and tuberculosis disease, the lungs are the main site of pathology and HIV 

is an important risk factor for severe illness. There are limited published data on the interaction 

between tuberculosis disease and influenza disease. 

OBJECTIVES 

We aimed to assess the effect of influenza and tuberculosis coinfections on clinical presentation, 

progression of illness and disease outcome; and to evaluate the burden of excess mortality associated 

with influenza infection in patients with tuberculosis disease. 

METHODS 

A systematic review of published literature on the interaction between influenza and tuberculosis 

disease was conducted. Using surveillance data, we estimated the burden of tuberculosis disease 

among patients hospitalized with severe respiratory illness (SRI) and assessed the risk of influenza and 

tuberculosis coinfection on in-hospital mortality. For SRI patients we included HIV infection status in 

our models when this information was available. Ecological models were used to estimate excess 

influenza-associated mortality among individuals with tuberculosis disease compared to non­

tuberculosis respiratory deaths. 

RESULTS 

The systematic review revealed paucity and poor quality of available literature on the interaction 

between influenza and tuberculosis disease. Experimental animal studies suggested that influenza­

tuberculosis coinfection resulted in more severe outcomes than single infection. Whereas the majority 
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of the analytical studies ( 4/5) showed no association. Analysis of surveillance data revealed that the 

prevalence of tuberculosis among patients hospitalized with SRI was 28% (593/2097); 18% (133/729) 

among patients with symptoms duration :S14 days. Among patients with symptom duration ?.7 days, 

patients coinfected with tuberculosis and influenza as compared to patients with tuberculosis only 

were at increased risk of death (aRRR 5.5, 95% CI 1.2-25.3). In a separate analysis, laboratory­

confirmed tuberculosis disease was associated with an increased risk of death in hospitalised patients 

who tested positive for influenza virus (aOR 4.5, 95% CI 1.5-13.3) and laboratory-confirmed influenza 

virus infection was associated with an increased risk of death in hospitalised patients who tested 

positive for tuberculosis (aOR 2.3, 95% CI 1.02-5.2). 

In individuals <65 years, the risk of influenza-associated mortality was greater among pulmonary 

tuberculosis deaths irrespective of HIV status compared to HIV-infected non-tuberculosis respiratory 

deaths (relative risk (RR): 5.2; 95% CI: 4.6-5.9 and HIV-uninfected (RR: 61.0; Cl: 41.4-91.0) non­

tuberculosis respiratory deaths. 

CONCLUSION 

Tuberculosis was common in patients hospitalised with SRI, including among individuals with 

duration of symptoms :SI 4 days. Tuberculosis and influenza coinfection compared to single 

tuberculosis or influenza infection was associated with increased risk of mortality. These data support 

recommendations for patients with tuberculosis disease to be prioritised for influenza vaccination. 
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understanding of the interaction between influenza infection or disease and tuberculosis disease and 
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the systematic review, including: (i) describing the tuberculosis burden and presentation among 

hospitalised individuals with SRI in South Africa and (ii) describing the presentation and outcome of 

tuberculosis-influenza coinfection. Article V uses ecological modelling of aggregated data to estimate 

the excess mortality associated with influenza disease among tuberculosis deaths. 
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1. BACKGROUND 

Influenza and tuberculosis disease are important causes of morbidity and mortality globally. The 

burden of severe influenza- and tuberculosis-associated illness is greater in Africa compared to other 

regions, with much of the global burden reported to be in sub-Saharan Africa ri-31 

I.I.BURDEN, EPIDEMIOLOGY AND MANAGEMENT OF TUBERCULOSIS 

Tuberculosis continues to be a major cause of mortality and a global health problem. In 2009, 

tuberculosis was the second most common cause of infectious disease-related deaths globally, after 

human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS) [4l. In 2015, 

tuberculosis superseded HIV and AIDS as the commonest cause of infectious disease-related deaths 

[
3l_ The global tuberculosis incidence ranged from 8.6 million cases in 2012 to 10.4 million in 2015, 

mortality increased from 1.3 million deaths in 2012 to 1.4 million deaths in 2015 (3, s, 61 • Studies have 

suggested increased transmission of tuberculosis during winter and an increase in tuberculosis disease 

notifications towards the end of winter, early spring and summer (7, 81. A paediatric study from Cape 

Town, reported an increase in prevalence of positive tuberculosis cultures during the winter and early 

spring [9l_ 

Tuberculosis in South Africa 

South Africa is one of the 22 high burden countries (HBC) for tuberculosis which accounted for 

approximately 80% of world's tuberculosis cases in 2014 (61 and is one of the 30 HBC in the recently 

revised list of countries which account for 87%-92% of global tuberculosis burden[3l. The tuberculosis 

incidence in South Africa ranged from an estimated 390 000 cases in 2011 to 454 000 cases in 2015 [3, 

101. In 2011, South Africa had the 3rd highest incidence of tuberculosis globally, after India and 

China[IOJ. Although the proportion of overall deaths due to tuberculosis disease ( excluding HIV disease 
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resulting in tuberculosis) showed a downward trend between 2011 and 2013 in South Africa, 

tuberculosis remained the leading underlying natural cause of death during these years accounting for 

10.7%, 9.9% and 8.8% of deaths in 2011, 2012 and 2013 respectively. [Ill_ In South Africa, annual 

tuberculosis mortality, excluding tuberculosis mortality among HIV-infected individuals, ranged from 

31 000 in 2012 to 25 000 in 2015 [3, 5l_ Tuberculosis deaths among HIV-infected individuals ranged 

from 88 000 in 2012 to 73 000 in 2015 [3, 51_ 

Diagnosis and management of tuberculosis in South Africa 

The South African guidelines for tuberculosis management advise that patients presenting with 

persistent cough of>2 weeks in HIV-uninfected individuals or any duration in HIV-infected 

individuals, fever for > 2 weeks, night sweats ( drenching) or unexplained weight loss (> 1.5 kg in a 

month for adults or loss of>5% of the highest recorded weight in the last 3 months for children) 

should be investigated for tuberculosis. Additional criteria for testing among children include 

exposure to a culture or smear positive tuberculosis case or indication of tuberculosis infection 

(Montoux positive test). Recommendations for testing include at least one sputum (or; lavage/ gastric 

washing or lymph node fine needle aspirate in children) tested for bacteriological confirmation of 

tuberculosis disease. Xpert® MTB/RIF(Cepheid, Sunnyvale, California, USA) (when available) or 

smear microscopy are recommended as the first line tests for diagnosis of tuberculosis. An additional 

smear is collected for all Xpert® MTB/RIF positive cases for bacteriological monitoring of response 

to treatment and contact tracing. Tuberculosis culture is recommended for HIV-infected individuals 

who test negative on Xpert® MTB/RIF, as well as susceptibility testing of other drugs for GeneXpert 

rifampicin resistant cases and diagnosis of paucibacilliary tuberculosis in tuberculosis suspects with 

two smear negative results [l
2

-
14l_ A list and description of bacteriological tests used for confirmation 

of tuberculosis disease are included in Table 2. Treatment for tuberculosis disease is made available 

in the public health sector in South Africa and it is initiated based on bacterial confirmation of 

tuberculosis and/or clinical diagnosis of tuberculosis (i.e., chest X-ray changes consistent with 
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tuberculosis, history or clinical picture suggestive of tuberculosis or histological or biochemical tests 

suggestive of tuberculosis) [12-141. Clinical picture suggestive of pulmonary tuberculosis disease 

included persistent cough of 2:2 weeks, fever of 2:2 weeks, drenching night sweats and unexplained 

loss (> 1.5kg in a month). 

1.2.BURDEN, EPIDEMIOLOGY AND MANAGEMENT OF INFLUENZA 

DISEASE 

Influenza virus infection causes substantial annual morbidity and mortality worldwide and in South 

Africa [l, 15, 161. Globally, it is estimated that seasonal influenza disease epidemics result in three to five 

million cases of severe illness, and~ 250 000-500 000 deaths each year [l 61. A number ofrisk factors 

have been described for severe outcomes among patients with influenza disease; these including 

extremes of age, prematurity, pregnancy, malnutrition, obesity and chronic underlying diseases, 

including pulmonary disease, cardiovascular diseases, diabetes and immune-suppression (2, 
17

-
291. 

Influenza in South Africa 

In South Africa, an estimated 4 7 000 episodes of influenza-associated severe acute respiratory illness 

occur annually of which 22 481 result in hospitalization[3o1. In addition, it is estimated that 11 800 

(95%CI 5672-15732) deaths occur annually due to seasonal influenza disease, of which 63% (7447, 

95%CI 2067-10945) occur out-of-hospital.[311 In South African public facilities, approximately 6% of 

patients hospitalised with lower respiratory tract infection (LRTI) and 15% of outpatients with 

influenza-like illness (ILi) test positive for influenza virus on polymerase chain reaction (PCR) 

annually [321. Data from the syndromic surveillance for respiratory illness has also shown that influenza 

viruses when detected among outpatients with ILI, and inpatients with severe acute respiratory illness 

(SARI - symptoms duration :SI 0 days) and severe chronic respiratory illness (SCRI - symptoms 

duration > 10 days) are likely attributable to illness. The attributable fraction of influenza virus 
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detection to illness was 92.6% (95% CI: 89.3%-94.8%), 87.4% (95% CI: 81.3%-91.5%) and 86.2% 

(95% CI: 77. 7%-91.5%) amongst ILi, SARI and SCRI cases respectively C33l. 

Influenza seasonality, prevention and management in South Africa 

The South African influenza season falls in the winter months with average onset of the season being 

the first week of June (range week 17-week 28) C
34

l_ The average duration of the influenza season is 13 

weeks (range 7-25 weeks) C
35

l_ In response to the 2009 influenza virus pandemic, the South African 

National Department of Health (NDoH) initiated its first national influenza vaccination campaign in 

2010 and subsequently yearly vaccination campaigns were conducted targeting high risk groups (i.e., 

pregnant women, HIV-infected individuals, individuals ~65 years, individuals with chronic underlying 

conditions and children 6 months-:S5 years). The number of vaccines allocated for high risk groups is 

far less than the number ofindividuals in these groups in South Africa (±1 million doses vs± 20 million 

individuals in risk groups)C36l. The NDoH has set itself a target ofreaching 15% of high risk groups by 

2020 including 21 861 of the estimated 145 742 HIV-uninfected individuals with tuberculosisl361• 

Guidelines for influenza vaccination are published annually [37
,

381. According to influenza treatment 

guidelines, patients admitted with severe respiratory illness during the influenza season should be 

started on influenza antivirals. The guidelines recommend that decisions should be based on clinical 

judgment taking into consideration the patient's disease severity and progression, age, underlying 

medical conditions and likelihood of progressing to severe influenza disease [37
, 

381. Testing for 

influenza virus is not conducted as part of standard of care. Influenza antiviral treatment, Oseltamivir, 

although not listed in the Department of Health's Essential Medicines List (EML) under guidelines for 

influenza treatment, is available in public sector hospitals; however, use is limited in practice. 

1.3.BURDEN, EPIDEMIOLOGY AND MANAGEMENT OF HIV 

HIV causes significant morbidity and mortality globally and is a risk factor for both tuberculosis and 

influenza-associated morbidity and mortality[3, 391 • In 2016 there were approximately 36.7 million 
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people living with HIV globally, with an estimated 70% of these living in middle-income countries. 

An estimated one million individuals died from HIV in 2016 C
39J_ In 2015 there were an estimated 2.1 

million new HIV infections worldwide C
40J. Globally approximately 19 million people living with 

HIV were receiving antiretroviral therapy (ART) in 2016 [39J_ 

HIV in South Africa 

In South Africa, the community HIV prevalence is highC39J_ In 2010 about a third of women accessing 

antenatal care in public health facilities tested positive for HIV C41 J. From 2011 to 2013, HIV moved 

from being the 7th to being the 3rd leading underlying natural cause of death in South Africa accounting 

for 3.4%, 3.9% and 5.1 % of deaths in 2011, 2012 and 2013 respectively. C
42J. An estimated 12.7% of 

the general population and 22.3% of women ofreproductive age were HIV-infected in 2016(431_ 

HIV prevention and management in South Africa 

Access to ART has increased over the years since its roll-out in the public sector in 2004, with an 

estimated 3.4 million (48%) individuals living with HIV having access to antiretroviral therapy in 

2015 [44
, 

45l. In recent years, prevention of mother-to-child transmission (PMTCT) programs have 

managed to reduce the risk for transmission of HIV to infants to <2 % (9.6% in 2008, 2.8% in 2011 

and 1.5% in 2016) C
39, 44, 461 . 

1.4. THE ROLE OF HIV CO INFECTION ON THE BURDEN OF INFLUENZA­

AND TUBERCULOSIS-ASSOCIATED ILLNESS. 

HIV-infected individuals are 20 times more likely to develop tuberculosis disease as compared to HIV­

uninfected individuals [47l_ Globally of the 8.6 million incident cases of tuberculosis in 2012, 

approximately 1.1 million (13%) were coinfected with HIV. In South Africa for the same year 66% 

(330 000/530 000) of the incident cases of tuberculosis were HIV coinfected [4&J_ In recent years, there 

has been a downward trend in the proportion of HIV-infected individuals among tuberculosis incident 
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cases: 85% in 2011 (211 800/390 000), 66% (330 000/530 000) in 2012 and 57% (258 000/454 000) 

in 2015. [3, 5, JOJ. 

Individuals with HIV also experience elevated risk of influenza-associated hospitalisation and 

mortality ris, 19, 21 , 22, 49-531_ Studies from the United States of America reported an elevated risk of 

influenza-associated mortality in patients with AIDS prior to introduction of ART with downward 

trend after introduction of ART ri 9, 
50

,
531. In South Africa the influenza-associated excess mortality 

showed a downward trend after widespread introduction of ART in public health programmes, but 

high incidences of influenza-associated mortality remainedris, 21 , 22,
521. Surveillance data from South 

Africa found that compared to HIV-uninfected individuals, HIV-infected individuals had 4-8 times 

higher risk of influenza-associated hospitalisation (age adjusted relative risk (aRR) 4.2 (95%CI 3.6-

4.8) in 2009, aRR 7.5 (95%CI 6.4-8.8) in 2010 and aRR 5.5 (4.7-6.3) in 201 l)f52l, and 20 times 

greater estimated rates of mortality, RR 20.4 (15.0-27.4)f18l. In addition, the data showed a 

differential risk of influenza-associated hospitalization among HIV -infected patients, those with 

severe immunosuppression (CD4 <200/mm3) were at increased risk of influenza-associated 

hospitalisation compared with individuals with mild immunosuppression (CD4 ~ 200mm3) (aOR 3.0, 

95%CI 1.1-8. 7)f241. Ecological data showed that HIV-infected compared to HIV-uninfected 

individuals were at increased risk of influenza-associated death, aRR 11.5 (95%CI 9.6-12.6) and 7.9 

(95% CI: 7.1-8.9) in children <5 years and individuals~ 5 years respectively r21
,
221 

1.5.INFLUENZA AND TUBERCULOSIS COINFECTION: GAPS IN 

LITERATURE 

While chronic lung disease is a known risk factor for severe outcome following influenza virus 

infection, there are few published data focusing on the association between influenza disease and 

tuberculosis disease and the contribution of such coinfections to influenza- and tuberculosis-associated 

morbidity and mortality. In addition, an increase in mortality associated with influenza virus circulation 
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has been described for a number of syndromes or among individuals with underlying medical 

conditions including respiratory illness and pneumonia and influenza (P&I), cerebrovascular disease, 

and diabetes [54
-
581; however little data is available on excess mortality due to influenza disease among 

patients with pulmonary tuberculosis (PTB). As far back as in the 1900s, the scientific community has 

debated whether patients with active tuberculosis disease were more likely to contract influenza virus 

infection than persons without tuberculosis disease l59l and whether influenza viral infection aggravated 

the course of tuberculosis disease using statistics collected from clinical practice or vital statistics [601 • 

Ecological studies and mathematical modelling of aggregated data suggested an increase in frequency 

of influenza disease or severe influenza-associated disease in individuals with tuberculosis disease 

during influenza pandemics as compared to individuals without tuberculosis disease; however, causal 

relationships could not be determined [61
-
641. Some studies suggested that influenza pandemics may 

have been responsible for the decline in tuberculosis mortality in subsequent years due to selective 

mortality [651 . More recently case series and individual level data from the 2009 influenza pandemic 

have been published. Underlying tuberculosis disease was described in 10% of cases who died during 

the 2009 influenza pandemic in South Africa [661. This prevalence was greater than the population 

prevalence (I% in 2006)f 661 • Another study from India identified PTB as a risk factor for infection with 

pandemic influenza A(HINI) virus. Of the influenza cases, 8.8% had tuberculosis disease compared 

to 0.4% (p<0.001) tuberculosis prevalence in general population[671 • Whereas, in South Korea, in a 

case series of patients positive for influenza A(H1Nl)pdm09 virus, less than 1 % (7/12196,0.06%) had 

newly diagnosed tuberculosis disease and none of the cases with concurrent influenza and tuberculosis 

disease died[68l. 

Studies from murine models have also suggested that coinfection with Mycobacterium tuberculosis 

and influenza virus may alter the progression of the tuberculosis infection and outcome [69
-
71 1. A 

summary of the results of a systematic review on the interaction between laboratory-confirmed 
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influenza illness and tuberculosis disease conducted as part of this study is presented in the results 

section of this report. 

1.6.POSSIBLE MECHANISMS FOR SEVERE OUTCOMES IN INDIVIDUALS 

WITH INFLUENZA AND TUBERCULOSIS COINFECTION 

Both influenza and tuberculosis have been reported to interact with other pathogens, especially 

bacterial pathogens resulting in increased morbidity and mortalityl72
-
74l_ A systematic review in 2016 

reported Streptococcus pneumoniae and staphylococcus aureus as the most common bacterial 

coinfections in patients with influenza, accounting for 35% (95% Cl, 14%-56%) and 28% (95% CI, 

16%-40%) of infections, respectively l73l. Bacterial infection was associated with increased 

influenza-associated mortality during the 1918 influenza pandemicl74
, 751• A study from the 

Philippines reported a high prevalence of bacterial co infection among patients hospitalized with 

tuberculosis, 49.6%, H influenzae (11 %) being the most common pathogen detected followed by S. 

pneumoniae (4%). In this study, bacterial coinfection was significantly associated with an increased 

risk of2-week mortality among tuberculosis -per positive patients aRR(l .67, 95%CI 1.03-2.7))721• A 

case study from South Africa, reported dual infection with S. pneumoniae and tuberculosis in 9 HIV­

infected patients hospitalised for community acquired pneumonial761 Probe vaccine studies from 

South Africa also suggested an interaction between S. pneumoniae and influenzal77l and between S. 

pneumoniae and tuberculosis l78l_ In one study, PCV-vaccinated children were less likely to be 

hospitalized for influenza-associated pneumonial77l. A vaccine probe study in children suggested that 

pulmonary tuberculosis was associated with superimposed pneumococcal pneumonia, culture 

confirmed cases were 43% (95% CI, 9.7%-65,1%) less likely among PCV vaccinees as compared to 

placebo recipients. l78l. 

8 



The lungs are the site of pathology for both influenza disease and tuberculosis disease. There are 

different possible mechanisms by which tuberculosis and influenza disease may interact potentially 

resulting in more severe clinical outcomes (Figure I). Tuberculosis disease may lead to reduced lung 

capacity, resulting in impaired ability to cope with viral infections like influenza and potentially 

increasing the severity of influenza-associated illness. In addition, influenza infection affects 

antibacterial host defenses by either increasing production of pro-inflammatory cytokines, resulting 

in cell damage (791 or through impairing pro-inflammatory chemokine responses to infection (80
,

81 1, 

which could increase susceptibility to tuberculosis. Immunosuppression induced by influenza virus 

through production of glucocorticoids (821 and immunosuppressive cytokines (791 or T-cell immunity 

suppression (831 could trigger reactivation oflatent M tuberculosis. Lastly, influenza disease may 

prime those with tuberculosis disease for super-infection by other non-tuberculosis bacteria, e.g 

Streptococcus pneumoniae, leading to pneumonia and the subsequent secondary pneumonia that 

occurs as a complication of influenza disease could be exacerbated by active tuberculosis disease 

resulting in severe outcomes. As described earlier, HIV interacts with both tuberculosis and influenza 

disease. For the purpose of this PhD, I only focussed on the effect of influenza infection or disease on 

tuberculosis disease and the effect of tuberculosis disease on influenza illness, addressing HIV as a 

possible confounder. This includes discussion of the possible effect of HIV on tuberculosis disease 

and on influenza illness although this was not the main focus. I have not discussed the possible effect 

of influenza illness or tuberculosis infection or disease on HIV (Figure 1 ). 
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Figure 1: Conceptual Framework showing the possible mechanism of interaction between 
influenza, tuberculosis and HIV and the possible impact of tuberculosis influenza coinfection 
on patient presentation and outcome in a setting with high HIV prevalence 
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1.7.STATEMENT OF THE PROBLEM AND JUSTIFICATION FOR THE 

RESEARCH 

The disproportionately elevated burden of severe influenza disease in sub-Saharan Africa may have a 

number of contributing factors including elevated prevalence of coinfection and comorbidities, and 

limited access to good quality care[!, 2, 18, 84, 85l. There are gaps in understanding the interactions of 

influenza virus infection with conditions that are prevalent in Africa, such as tuberculosis. Influenza­

associated-mortality in patients presenting with SARI has been described [l, 2, 15, 18, 20, 21 , 23l. However, 

tuberculosis disease in this group of patients is not well described. There are a few published data on 

the association between tuberculosis disease and influenza illness. However, these are mostly 

descriptive and limited to the 2009 influenza pandemic. Influenza virus infection may increase the risk 

of death among patients with tuberculosis. In turn, tuberculosis, a chronic lung infection may cause 

lung damage thus compromising lung capacity and possibly impairing the ability to cope with 

influenza virus infection and potentially increasing the severity of influenza-associated illness. 

Because influenza illness is considered to be an acute infection it is possible that clinicians do not 

consider it as a diagnosis in patients with chronic respiratory symptoms and it may be missed in patients 

presenting with tuberculosis or suspected tuberculosis disease during the influenza season. 

Tuberculosis, which is considered to be a chronic condition, may also be overlooked in patients 

presenting with acute respiratory illness. 

Understanding the interaction of influenza and tuberculosis co infection, including the excess mortality 

associated with influenza infection among tuberculosis patients may provide supporting evidence for 

prioritising individuals with tuberculosis disease for influenza prevention and treatment interventions 

such as influenza vaccination and use of antivirals during the influenza season. Countries with 

influenza vaccination policies recommend influenza vaccination for patients at increased risk of severe 
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influenza-associated disease and advise influenza antiviral treatment for patients admitted with 

respiratory illness during the influenza season [86
,

871. However, both of these interventions are costly 

and may not be feasible or accessible to countries with a high burden of tuberculosis and influenza 

disease and countries with limited resources. Data on influenza-tuberculosis interaction from countries 

with high burden may assist policy makers with decision-making regarding prioritisation. Quantifying 

the excess mortality due to influenza illness among tuberculosis deaths may provide further evidence 

to support prioritising patients with tuberculosis disease for influenza vaccination and influenza 

antivirals. This is important for countries that are considering implementing influenza vaccine policy, 

especially countries with high burden of influenza disease, tuberculosis disease and HIV and with 

limited resources where the number targeted for vaccination is more than the available vaccine doses. 

In addition, a systematic review of published literature on the association between influenza illness 

and tuberculosis disease will identify the gaps in knowledge and direct future research in the field. 

1.8.AIMS AND OBJECTIVES 

This thesis aimed to assess the effect ofinfluenza and tuberculosis coinfections on clinical presentation, 

progression of illness and disease outcome; and to evaluate the burden of excess mortality associated 

with influenza virus infection in patients with tuberculosis disease with the intent to guide policy 

makers in making decisions about providing influenza vaccination and /or to motivate for prioritisation 

of patients with tuberculosis disease for influenza vaccination. 

Objectives: 

I. To summarise the published literature on the interaction between influenza and tuberculosis 

disease and identify gaps (Paper I- submitted). 
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2. To describe the incidence of and factors associated with acute and chronic presentation of 

laboratory-confirmed pulmonary tuberculosis disease overall and by HIV serostatus among 

patients hospitalized with SRI in South Africa (paper II-Published). 

3. To compare the epidemiological and clinical characteristics of patients admitted with 

laboratory-confirmed tuberculosis, influenza, and tuberculosis-influenza coinfection among 

HIV-infected and-uninfected patients hospitalized with severe respiratory illness in South 

Africa (paper III -published and paper IV - submitted). 

4. To estimate the mortality burden associated with influenza infection among HIV-infected and 

HIV-uninfected individuals with pulmonary tuberculosis (PTB) and to estimate the risk of 

influenza-associated mortality among PTB deaths compared to non-tuberculosis respiratory 

deaths in South Africa (Paper V- published). 
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2. METHODS 

2.1.STUDY DESIGN 

This thesis consists of three separate components to address the different objectives; the first 

component consists of a systematic review of the literature to address objective 1. The second 

component includes analysis of data from a prospective surveillance study to address objectives 2 and 

3; the last component includes analysis of time-series data from vital statistics and influenza virological 

surveillance to address objective 4. The choice of study design was influenced by the nature of the 

research question. A summary of the project objectives is outlined in Figure 2 and Table 1. Descriptions 

of study methods and statistical analyses are discussed in detail within the methods section of each 

paper ( appendix C) however a brief description of methods which are relevant to this PhD, is provided 

for each paper in Tablel below. 
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Figure 2: Overview of study objectives and public health relevance 

Objective! Objective2 Objective3 Objective4 

Summarise the Describe the factors associated Compare the Estimate the mortality 

published with acute compared to chronic epidemiological and clinical burden associated with 

literature on the presentation of SRI; the incidence characteristics of patients influenza infection among 

interaction oflaboratory-confinned acute and admitted with laboratory- Hiv-infected and HIV-

between chronic presentation of pulmonary confinned tuberculosis, uninfected individuals with 

influenza and tuberculosis; the factors associated influenza, and tuberculosis- puhnonary tuberculosis 

tuberculosis and with laboratory-continued influenza co-infection (PTB)andtoestimatethe 

identify gaps. tuberculosis and factors associated among HIV-infected and risk of influenza-associated 
with acute and chronic HIV-uninfected patients mortality among PfB deaths 

presentation among patients with hospitalized with severe compared to non-

laborat01y confinned tuberculosis. respiratory illness in South tuberculosis respiratory 

Africa. deaths in South Africa. 

l 1 1 l t 
Summarise available knowledge Describe factors associates with Quantify burden of influenza-associated 
on interaction between influenza influenza and tuberculosis co- morbidity and mortality among patients with 
and tuberculosis. infection as compared to single tuberculosis. 

infection with TB or influenza. 

l l J, 
Provide the evidence needed to guide decision-making regarding policy in South Africa related to the prevention and 

treatment of influenza in patients with tuberculosis (e.g prioritise tuberculosis patients for influenza vaccination and 

antiviral treatment). 
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Table 1: Papers included in the PhD submission, objectives and a summary of methodologies 
Manusc Title Objectives Study Design Population (where Summary of methodology used to 

ript applicable) achieve objectives 
Number 

I Influenza and Summarise the Systematic Conducted a systematic review, followed 
tuberculosis published literature on review the Preferred Reporting Items for 
coinfection the interaction between Systematic Reviews and Meta-Analyses 

influenza and (PRISMA) for reporting results. 
tuberculosis disease and Newcastle-Ottawa Scale was used to rate 
identify gaps the quality of included cohort or case 

control studies. Data synthesis consisted 
ofreporting the key findings of the 
different studies. 

II Burden of Among HIV-infected Prospective Individuals :C: 15 years We calculated estimated incidences of 

tuberculosis in and uninfected persons hospital based admitted with SRI at acute and chronic tuberculosis-associated 
patients with severe aged :C: I 5 years surveillance Edendale and Tshepong SRI hospitalization/I 00,000 population 
respiratory Illness hospitalized with SRI in Hospital, 2012-2014 for Pietermaritzburg and Klerksdorp for 

South Africa during 
(SRI) 2012-2014, we aimed 2013. We used data from sentinel 

to describe: surveillance combined with information 

(I) factors associated from a healthcare utilisation survey at 
with laboratory- two sites. 
confirmed pulmonary We implemented multivariable logistic 
tuberculosis among regression model to assess factors 
patients 

associated with acute and chronic 
tested for tuberculosis; 

presentation among patients with and (2) factors 
associated with acute laboratory-confirmed tuberculosis. 

and chronic Predictors: Demographic characteristics, 
presentation among underlying conditions, clinical 
patients with presentation, viral and bacterial infection, 
laboratory-confirmed in-hospital outcome 
tuberculosis disease. Outcome: Duration of symptoms 

III Influenza virus Describe the Prospective Individuals all ages We implemented multinomial regression 
infection is epidemiological and hospital-based hospitalized with SRI (acute model to assess for factors associated 
associated with clinical characteristics surveillance and chronic) at 4 sites from with tuberculosis single infection 
increased risk of of patients admitted June 2010 through compared to influenza single infection or 
death among patients with laboratory- December 2011 tuberculosis-influenza coinfection. 
hospitalized with confirmed tuberculosis, Predictors- Demographic characteristics, 
confirmed influenza, and underlying conditions, clinical 
pulmonary tuberculosis-influenza presentation, viral and bacterial infection, 
tuberculosis in South coinfection among in- hospital management, in-hospital 
Africa, 2010-201 I HIV-infected and - outcome 

uninfected patients Outcome: Influenza infection, 
hospitalized with severe tuberculosis infection and influenza-
respiratory illness in tuberculosis coinfection 
South Africa 

IV Interaction of Among hospitalised Prospective Patients aged :C: I 5 years We implemented multivariable logistic 
influenza and patients with severe hospital- based admitted with clinician models to assess the association between 
tuberculosis and the respiratory illness, surveillance diagnosis ofLRTI or tuberculosis and influenza coinfection 
impact on mortality determine whether suspected tuberculosis at and mortality in two different 
among individuals influenza-tuberculosis hospitals (SRI) at two sites- populations: 
aged :C: 15 years coinfection was June 2010- May 2016 a. All individuals testing influenza 
hospitalised with associated with virus positive (who also were tested 
severe respiratory increased mortality for tuberculosis) 
illness in South among any patients that Exposure: tuberculosis 
Africa, 2010-2016 tested influenza- Outcome: in-hospital mortality 

positive and any b. All individuals testing tuberculosis 
patients that tested positive (who also were tested for 
tuberculosis-positive influenza) 
separately. Exposure: influenza infection 

Outcome: in-hospital mortality 
V Excess mortality Estimate the mortality Ecological Country-wide tuberculosis- We modelled the excess influenza-

associated with burden associated with study associated deaths from vital associated mortality by applying Poisson 
influenza among influenza infection statistic data regression models to monthly PTB and 
tuberculosis deaths among HIV-infected non-tuberculosis respiratory deaths from 
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in South Africa, and -uninfected vital statistics data, using laboratory-
1999-2009 individuals with confirmed influenza as a covariate. 

pulmonary tuberculosis 
(PTB) and to estimate 
the risk of influenza-
associated mortality 
among PTB patients 
compared to non-
tuberculosis respiratory 
mortality in South 
Africa 

Systematic review- Objective I 

We conducted a systematic review of published scientific literature from January 1900 to February 

2015 to evaluate the prevalence, presentation and outcome of influenza-tuberculosis coinfection. For 

our search we included terms for influenza ("influenza" or "flu") and for tuberculosis (''tuberculosis" 

or "TB"). The Medline, CINAHL, Cochrane, Em base, PsycINFO, Web of Science, CAB Abstracts 

and Global Health databases were searched. The review was restricted to published abstracts and 

articles from January1900 to February 2015 that reported data on the association (burden of disease, 

transmission and severity) between laboratory-confirmed influenza disease and clinically diagnosed 

or laboratory-confirmed tuberculosis disease. Articles that included seasonal or pandemic influenza 

were also included. The search was restricted to articles published in English, French, Italian, 

German, Russian, Finnish, Japanese and Portuguese. Animal experimental studies, observational and 

analytic studies in humans were included. Studies that reported data on the association between 

laboratory-confirmed influenza disease and clinically diagnosed or laboratory-confirmed tuberculosis 

disease were included as part of the search. Due to scarcity of published data, descriptive studies, 

including studies without comparison groups were included. We followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines in reporting resuJts[88l. Data 

synthesis consisted of reporting the key findings of the different studies. We did not implement a 

meta-analysis because the studies included had limited data on summary statistics. Because we only 
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included papers with laboratory-confirmed influenza disease, we excluded a number of reports, 

especially for the period covering the earlier influenza pandemics, when influenza disease was 

clinically diagnosedC63, 65, s9-91 1. We used the Newcastle-Ottawa Scale to rate the quality of the 

included papers C921. 

Surveillance for severe respiratory illness (objectives II and III) 

The data for paper II, III and IV was obtained from an existing umbrella project run by the National 

Institute for Communicable Disease (NICD) entitled establishing surveillance for SARI in South 

Africa with a number of specific surveillance enhancements made to allow us to address our specific 

objectives. The aim of the umbrella protocol was to describe trends in numbers of SARI cases at 

sentinel surveillance sites and determine the relative contribution of influenza virus and other 

respiratory viruses (human metapneumovirus (HMPV), respiratory syncytial virus (RSV), 

parainfluenza virus 1, 2 and 3 (PIVl, 2, 3), and adenovirus (AV)) and Streptococcus pneumoniae to 

this disease presentation in a setting with a high prevalence of HIV. This prospective, hospital-based 

sentinel surveillance was initiated for SARI in 2009 at four hospitals in three provinces (Chris Hani 

Baragwanath Hospital in Gauteng Province, Mapulaneng and Matikwana Hospitals in Mpumalanga 

and Edendale Hospital in KwaZulu-Natal) and was expanded in 2010 to include patients enrolled from 

Klerksdorp-Tshepong Hospital Complex (KTHC) in North West. Persons hospitalised at the 

surveillance hospitals with acute respiratory illness (_::=::7days symptoms) who met predefined inclusion 

criteria (Table 3) had clinical data and specimens obtained for aetiology testing. During the 2010 

influenza season, the SARI surveillance programme was enhanced at selected sentinel sites (KTHC 

and Edendale Hospitals) to expand the case definition for enrolment to include patients with duration 

of respiratory symptoms for >7 days and patients with suspected or confirmed tuberculosis i.e. any 

patient with severe respiratory illness (SRI). For the period from June 2010 to end May 2012, 

tuberculosis testing was not systematically performed, and was conducted as part of clinical 

management at the discretion of the attending clinician. In June 2012, an addendum to the SARI 
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protocol was implemented to include (i) active testing for tuberculosis of all patients meeting the 

criteria for SRI at the two enhanced surveillance sites (KTHC and Edendale Hospital) and (ii) the 

collection of an additional induced sputum specimen, and testing of this specimen for tuberculosis and 

additional respiratory pathogens (P. jirovecii and causes of atypical bacterial pneumonia). 

Data collection 

Data on demographics, clinical presentation, previous medical history, antiretroviral therapy for HIV -

infected individuals, inpatient investigations, clinical management and in-hospital outcome were 

collected through structured interviews and record review. Data was collected on a standardised 

questionnaire. Hospital and intensive care unit (ICU) admission and collection of specimens for 

tuberculosis testing (before June 2012), CD4+ T-cell counts and bacterial culture were performed at 

the discretion of the attending-physician discretion. 

Laboratory Methods 

Respiratory specimens, including oropharyngeal and nasopharyngeal swabs for patients ~5 years of 

age or nasopharyngeal aspirates for children <5 years of age, were collected and placed in a 4ml 

universal transport medium and transported at 4-8°C to NICD within 72 hours of collection. 

Respiratory samples were tested by multiplex reverse-transcription real-time polymerase chain 

reaction (PCR) for influenza virus and 8 other respiratory viruses [93l. The influenza A positive 

specimens were further subtyped to HI and H3 using the CDC real-time RTPCR (rRT-PCR) protocol 

for detection and characterization of influenza virus !94l. From May 2009, whole blood samples were 

collected in EDT A-containing vacutainer tubes within 24 hours of hospital admission for the 

detection of S. pneumoniae and HIV infection. Whole blood specimens were tested for S. 

pneumoniae lytA gene by a quantitative real-time PCR[95l_ 

Testing for tuberculosis 
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Testing for Mycobacterium. tuberculosis changed between 2009 and 2016. From February 2009 to 

May 2012, the source of tuberculosis status for all sites was from site testing only which was conducted 

based on clinician's discretion. From June 2012, systematic testing for M tuberculosis which was 

conducted as part of surveillance was initiated for KTHC and Edendale hospital. This included 

surveillance officers ensuring that enrolled patients from these sites had a sample tested for M 

tuberculosis at the site (either as part of clinical management or as part of surveillance if sample was 

not requested by clinician) and an additional sample was collected and sent to NICD for testing. 

Microbiological investigation for M tuberculosis at the hospital site laboratory was performed by 

smear microscopy, culture and/or PCR (Xpert® MTB/RIF). Specimens for tuberculosis testing were 

examined by light microscopy for the presence of acid fast bacilli (AFB). Tuberculosis culture was 

performed using the BACTEC MGIT automated culture system (Becton Dickinson, Franklin Lakes, 

New Jersey). Tuberculosis PCR was performed using the Xpert® MTB/RIF system (Cepheid, 

Sunnyvale, California, USA). The Xpert® MTB/RIF is an automated sample processing and nucleic 

acid amplification test for detection of M tuberculosis and is able to detect resistance to rifampicin. 

At NICD, tuberculosis was identified by microscopy and culture. Smear microscopy of sputum 

samples was performed using fluorescent auramine-O staining for AFB. Culture was performed using 

liquid media with the Bactec MGIT 960 system (Becton Dickinson, New Jersey, USA). Positive 

cultures were identified as M tuberculosis complex using Ziehl-Neelsen staining and MPT64 antigen 

testing (Becton Dickinson, New Jersey, USA)l96l. A list of and description of different of bacteriologic 

tests used for confirmation of tuberculosis is included in Table 2. For objectives 2 and 3 a case was 

considered tested for tuberculosis if it had at least one of microscopy, culture or PCR test done for M 

tuberculosis. A laboratory-confirmed tuberculosis case was defined as an individual with a positive 

result for M tuberculosis on microscopy, PCR or culture (or a combination of these) at either the 

local/site hospital or the NICD TB Laboratory. Tuberculosis patients who were already on treatment 

for :S2 months (initiation phase of treatment) and those who still tested positive for M tuberculosis at 
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Test 

Smear 
microscopy 

Culture 

PCR-based 
assays 

current admission were included in the analysis. These patients were included because the tuberculosis 

infection could still affect the outcome. 

Table 2: List and description of tests used for bacteriologic confirmation of tuberculosis during 

the study period 

Type Description Source of tuberculosis 
testing/results and period 
included 

LED/ Fluorescent • For detecting and monitoring response • Part of clinical management-
microscopy • Low sensitivity in patients with low bacillary 2009-2012 

load ( HIV-infected and children) • Part of clinical management & 

• No information on viability and susceptibility systematic testing as part of 
of bacilli surveillance-2012-2016 

• Cannot distinguish between Mycobacterium 
tuberculosis complex and non- tuberculosis 
my co bacteria 

• Recommended as 1st line diagnosis 
Liquid (MGIT) • High sensitivity • Part of clinical management-

• Important for monitoring response to 2009-2012 
treatment for drug resistant M tuberculosis • Part of clinical management & 

• Results take long- weeks systematic testing as part of 
surveillance-2012-2016 

Xpert® MTB/RIF • Rapid diagnostic test • Part of clinical management-

• Recommended as l st line of diagnosis 2010-2012 

• Detects rifampicin resistance • Part of clinical management or 

• High Sensitivity for rifampicin resistance systematic testing as part of 

• Reduced sensitivity in smear negative surveillance-2012-2016 

MGIT: Mycobacterium growth indicator 

Determination of HIV status 

HIV status was obtained from different data sources. Some patients had HIV testing conducted as part 

of clinical management. This included HIV enzyme-linked immunosorbent assay (ELISA) testing with 

confirmation by ELISA on a second specimen for patients 2: 18 months of age and qualitative HIV PCR 

testing for confirmation of HIV-infection status in children <l 8 months of age. In addition, for 

consenting patients, linked anonymous HIV PCR testing for children less than 18 months of age or 

ELISA for patients ~l 8 months of age was performed using a dried blood spot or whole blood 

specimen at the NICD-NHLS laboratoryl97l_ From 2015, linked anonymous testing at NICO was only 

conducted for patients who gave consent for testing but did not want to know their HIV status. For 

21 



patients who had HIV results from both site testing and from NICD, the NICD result was used if the 

results were discrepant. 

Data Management 

All clinical and epidemiologic data, laboratory testing and results were managed centrally at NICD. 

Data were double entered onto a MS Access database. 

Case definitions 

Here we present the case definitions for the umbrella surveillance programme which provided data 

for the 3 papers. The case definitions were modified over time; a summary is presented in Table 3. 

Initially, a case of SARI was defined as a hospitalised individual with onset of illness within 7 days 

of admission meeting age-specific clinical inclusion criteria (Case definition 1 ). From July 2010 

cases with symptoms duration >7 days were included at enhanced sentinel sites (Edendale and 

KTHC) (Case definition 2). From 2014, the new World Health Organization (WHO) SARI case 

definition of fever and history of fever and cough of duration of :'.Sl O days was adopted in all sentinel 

sites (Case definition 3) [9SJ and cases with symptoms duration> 10 days were included at enhanced 

sentinel sites (Case definition 4). From 2015 enrolment of SARI cases with symptoms duration 2: I 0 

days was extended to all sites (Case definition 4). The different case definitions in use during the 

periods when the three studies that used the surveillance data were conducted are summarised in 

Table 4 
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Table 3: Case definitions used for enrolment in the main surveillance programme over time and 

sites where case definitions were applied, 2009-2016 

Case Case Definition Criteria Period case Site where case 
definition definition definition 
number used for applicable 

surveillance 
Case Severe Acute 2 days - <3 months old: Child hospitalised Feb 2009- All sites 
definition Respiratory Illness with diagnosis of suspected sepsis, or April 2014 
(CDI) 1 (SARI 1)- physician-diagnosed lower respiratory tract 

Symptoms duration infection (LRTI) irrespective of signs and 
-:S.7 days symptoms 

3 months - <5 years old: Hospitalised with 
physician-diagnosed LRTI including 
pneumonia, bronchiolitis, bronchitis and 
pleural effusion 
:::: 5 years: Any individual hospitalised with 
acute LRTI with sudden onset of fever 
(::::38°C) AND cough or sore throat AND 
shortness of breath or difficulty breathing 

CO2 Severe chronic Same criteria as for SARil above including June 2010- Edendale and 
respiratory illness 1 cases with suspected tuberculosis and May 2014 Klerksdorp 
(SCRI 1) duration >7 days (two sites only) Tshepong 
Symptoms duration Hospital Complex 
>7 days (KTHC) 

CD3 Severe Acute 2 days - <3 months: Child hospitalised June 2014-to All sites 
Respiratory Illness with diagnosis of suspected sepsis, or date 
2 physician-diagnosed LRTI irrespective of 
(SARI 2}- signs and symptoms 
Symptoms duration 3 months - <5 years old: Hospitalized with 

' -:S.10 days physician-diagnosed LRTI including 
bronchiolitis, pneumonia, bronchitis and 
pleural effusion 
:::: 5 years old: Hospitalized with an acute 
lower respiratory tract infection with cough 
AND fever (>38°C) or history offever. 

CD4 Severe chronic Same criteria as for SARI 2 above, duration Feb 2015-to All sites, 
respiratory illness 2 of symptoms > 10 days date (Edendale & 
(SCRI 2) KTHC, chronic 
Symptoms duration cases were 
>10 days included earlier) 

Same criteria as for SARI 2 above with June 2014- to (KTHC& 
duration of symptoms >IO days date Edendale) 
including cases with suspected tuberculosis 
and not meeting any of criteria above 

CDS SRI=SARI 1 +SCRI Admission with a physician diagnosis of 2010-2016 Edendale and 
(CDI+CD2+ + SARl2+SCR12 LRTI; e.g., pneumonia, bronchiolitis, KTHC 
CD3+CD4) bronchitis and pleural effusion, suspected 

or confirmed tuberculosis) irrespective of 
symptom duration 
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Paper 

II 

III 

IV 

Table 4: Case definitions used for the papers that used surveillance data, period and sites 

included in the papers 

Case Definition (CD) Period included Sites 

CD 1 and CD2 (SARI 1 and SCRI 1) 2012-2014 2 surveillance sites (Edendale Hospital and Tshepong 

(Table 2) Hospital) 

CD 1 and CD2 (SARI! and SCRil) June 2010 - 4 surveillance sites (Chris Hani Baragwanath Hospital, 

(Table 2) December 2011 Agincourt (Mapalaneng and Matikwana Hospitals), 

Edendale Hospital and KTHC) 

CD 1 +CD2+CD3+CD4 June 2010- May 2 Hospitals (Edendale and Tshepong hospital) 

(SARI 1 +SCRI 1 +SARI2+SCRI2) 2016 

(Table 2) 

SARI Severe Acute Respiratory Illness; SCRI Severe chronic respiratory illness KTHC- Klerksdorp Tshepong Hospital Complex 

Using surveillance data to describe factors associated with tuberculosis and influenza co­

infection - Objectives II and III 

Surveillance data was used in three of the papers included in this PhD. Firstly, it was used to describe 

the burden of tuberculosis in individuals hospitalised with SRI, secondly to describe factors 

associated with tuberculosis positivity and factors associated with tuberculosis-influenza coinfection 

(tuberculosis-influenza coinfection as an outcome). Thirdly surveillance data was used to describe 

the association between tuberculosis and influenza coinfection and mortality (mortality was an 

outcome) and factors associated with tuberculosis single infection as compared to influenza single 

infection or tuberculosis-influenza coinfection. Methods used for these objectives are summarised in 

Table 1. Different periods were included in the different analyses (Table 1 and 4) and for two of the 

papers we only included individuals aged 2': 15 years. Surveillance data includes patients who sought 
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care and were hospitalised at the participating surveillance sites and only patients who gave consent 

for participation in the surveillance and among the patients who participated in surveillance only 

those who had a sample tested for tuberculosis were included for part of the analyses. 

Excess mortality associated with influenza among tuberculosis deaths in South Africa, 1999-

2009- Objective IV 

We conducted an ecologic modelling study using previously described modelling approaches r21
-
221. 

For data sources, we used mortality data from Statistics South Africa coded according to the 

International Classification of Diseases, Tenth Revision (ICD-1 0)f991, obtained population 

denominators from Stats SA r100l, obtained age- and year-specific data on HIV prevalence in the 

population and antiretroviral treatment (ART) coverage among HIV-infected individuals from the 

Actuarial Society of South Africa (ASSA) AIDS and Demographic mode1r1011
, annual number of 

tuberculosis cases from the National Strategic Plan for HIV, STI and TB: 2012 to 2016 r1021 and 

influenza virologic data including types and subtypes was obtained from influenza-like-illness 

surveillance r35l. 

To estimate the influenza- associated mortality, we fitted age-specific Poisson regression models (with 

an identity link), to monthly deaths from vital statistics for South Africa r54
, 

103
-
105

1. This approach is a 

well-described and accepted method for the indirect estimation of influenza-associated mortality for 

both respiratory (e.g pneumonia and influenza) and non-respiratory (e.g. myocardial infarction) causes 

of death r106l. In South Africa >70% of tuberculosis-associated deaths are in individuals who are 

coinfected with HIV [61, and HIV is a risk factor for influenza-associated mortality [lS, 22• 521. To 

investigate whether the rate of influenza-associated mortality among individuals dying of PTB is 

greater than expected simply because of underlying HIV infection, we compared the rate of influenza 

-associated mortality among PTB deaths to the rate of influenza-associated mortality among non­

tuberculosis respiratory deaths in HIV-infected and-uninfected individuals. In addition, we estimated 

the rates of influenza-associated mortality among PTB and non-tuberculosis respiratory deaths in 
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individuals aged <65 and 2:65 years. In individuals aged 2:65 years we expected a minimal effect of 

HIV infection on influenza-associated mortality because of the relatively low population HIV 

prevalence in this age group(< 3% in individuals aged> 60 years in 2012) [J07J_ 
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2.2.ETHICAL CONSIDERATIONS 

Approval for the thesis was obtained from The Human Research Ethics Committee (Medical) of the 

University of Witwatersrand, approval number Ml40827 (Appendix B). In addition, approval for the 

SARI surveillance protocol, SARI addendum and pneumonia surveillance protocol which contributed 

data for objective 2 and 3 of the thesis was obtained separately from the ethics committees of the 

University of Witwatersrand (reference M081042 and M140824) and the University of KwaZulu­

Natal's Biomedical Research Committee (reference BF157/08 and BE 494/14). 

Objective 4 involved analysis of data available in the public domain and data which formed part of 

the influenza surveillance at NICD. The ethics for influenza surveillance was approved by the 

University of Witwatersrand (Wits) Ethics committee RefM060449. 

Written informed consent was obtained from a parent or guardian for individuals <18 years and from 

each participant > 18 years enrolled as part of surveillance. In addition, an assent was obtained from 

individuals> 7 years and < 18 years (Objectives II & III). 
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3. RESULTS AND DISCUSSION 

Detailed results for each objective are presented in full within the results section of each manuscript 

(Appendix C). Here I present the important findings and discuss the main themes arising from the 

results. 

3.1.SUMMARY OF PUBLISHED LITERATURE ON INFLUENZA AND 

TUBERCUOSIS CO-INFECTION-A SYSTEMATIC REVIEW 

Summary of results and comparison with other studies 

Previous reports have suggested that individuals with tuberculosis were disproportionately affected 

during the pandemic influenza seasons [65, 90, 91 , 1081. We conducted a systematic review of published 

scientific literature from January 1900 to February 2015 to evaluate the prevalence, presentation and 

outcome of influenza-tuberculosis coinfection. Our review suggested that there are very few high 

quality studies exploring the interaction between laboratory-confirmed influenza diseases and 

clinically diagnosed or laboratory- confirmed tuberculosis disease. We identified 16 published 

articles reporting on laboratory confirmed influenza disease and laboratory-confirmed or clinically 

diagnosed tuberculosis disease. Of these, 10 reported data from human studies and six were animal 

experimental studies. Six of the 10 human studies were more recent, included data from 2009 and 

later, and were from high tuberculosis burden countries (HBCs) that account for ~80% of the world's 

tuberculosis cases. 

Tuberculosis disease in individuals with influenza illness (exposure is tuberculosis) 

Of the six studies that reported on tuberculosis disease in individuals with influenza illness, five were 

from HBCs[67, 109-1121 and three were analytical studiesr1I0-1I21. The three analytical studies from HBC, 

one of high qualityr II21 reported no association with severe disease among patients with influenza-
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tuberculosis co infection. A case control from Kenya reported that 6% ( 4/64) of influenza positive 

cases had tuberculosis compared to <1 % (1/190) of neighbourhood-matched controls, unadjusted 

odds ratio 12 (95% CI 1.34-107.4), this was not significant on multivariate analysis [IBJ. Less than 

1 % (23/7180) of patients hospitalised for acute respiratory illness and enrolled in a study from 

Thailand were coinfected with influenza virus and M tuberculosis. There were no deaths among the 

23 cases with influenza-tuberculosis coinfection, whereas 17 (2.8%) deaths occurred among cases in 

whom only influenza was identified, p=0.1 [I I IJ. In a review of 19 cases with laboratory-confirmed 

influenza A(H1Nl)pdm09 virus infection with respiratory failure admitted to an intensive care 

facility in South Africa, tuberculosis was present in 4/13 (30%) who died vs 0/6 (0%) who survived 

p=0.5 [I 
101. Two of the three descriptive studies reported a higher prevalence of tuberculosis disease 

in cases with severe influenza disease or influenza-associated deaths compared to the prevalence in 

the general population. However, no inferences could be made on the significance of the association 

as there were no comparison groups or data was not statistically evaluated[67
• 

1091. 

Influenza virus infection in individuals with tuberculosis disease (exposure is influenza) 

Of the five papers that reported data on influenza infection in patients with tuberculosis disease [60
• 

111
• 

114
-
1161, two were reported as analytical studies by authors[111

• 
1141 and one had suitable data for 

analysis [II 5l_ Of the three analytical studies, two studies showed no association between influenza 

infection and tuberculosis disease [I 11 • 1141. A case control study from Indonesia investigating the 

putative association between tuberculosis disease and influenza virus infection reported no 

association between the development of clinically active tuberculosis and influenza virus infection as 

measured by serology using hemaglutinating inhibition (HI) assays in 111 cases with newly 

diagnosed tuberculosis and 111 community controls with no history of tuberculosis disease or 

clinical evidence of tuberculosis disease [I I 4J_ The proportion of individuals with influenza virus 

antibody titres 2: 10 against influenza A(H3N2) and A(H IN I) viruses in patients with tuberculosis 

were similar to matched community controls; however, the antibody titre levels for influenza 
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A(H3N2) virus at time of tuberculosis diagnosis were significantly higher ( 1. 7 times higher, 

p=0.002) in cases with tuberculosis compared to controls. In addition, the difference in titres between 

cases with advanced tuberculosis and their controls was significantly higher than in cases with mild 

to moderate tuberculosis and their controls [l l4J. Among 23 patients with concurrent M tuberculosis 

and influenza virus infection from Thailand, none died, compared to 30 (4.7%) deaths among the 

individuals with only tuberculosis disease; however, this was not statistically significant, p=0.62[ 11 
IJ. 

In a case series during an influenza B epidemic in a Danish tuberculosis sanatorium, 13% (7/53) of 

individuals coinfected with influenza virus compared to 2% (3/142) of individuals with tuberculosis 

only developed tuberculosis complications which included radiological changes or sputum 

conversion (p=0.005)0 151. 

Two descriptive studies reported data from influenza outbreaks in sanatoria. Of these, a study from 

The Netherlands in 1967 among children admitted in a tuberculosis sanatorium with primary 

tuberculosis of the lungs and hilar lymph nodes reported an increased frequency (20%, 5/20) of 

developing secondary segmental pulmonary lesions, suggesting progression of tuberculosis disease 

following serologically diagnosed influenza virus infection (defined as greater than fourfold rise in 

anti-influenza virus antibody titres) [601 • The other study in a tuberculosis sanatorium in the United 

States, described the effect of superimposed viral infection on existing tuberculosis disease following 

an outbreak of the 1957 influenza A pandemic virus, in which two of 31 TB peadiatric cases with 

influenza virus infection had evidence of worsening of tuberculosis disease on chest radiograph[ 1161. 

Quality of human studies 

Two of the five analytical studies ( one study reporting on both the effect of influenza on tuberculosis 

and on effect of tuberculosis on influenza) were of high quality (Newcastle Score ?:_7) as assessed by 

the Newcastle Ottawa score[ 112
• 

1141. Studies about tuberculosis and influenza virus coinfection were 

mostly descriptive, mostly included univariable analysis, and a causal relationship could not be 

demonstrated in any study. Some of the studies used clinical criteria for tuberculosis cases and 

30 



among the studies that included laboratory-confirmed tuberculosis, screening for tuberculosis was 

not done systematically. The review identified a lack of large epidemiological studies using 

laboratory-confirmed tuberculosis and influenza disease, studies from countries with a high burden 

of both tuberculosis and HIV, studies including important confounders, like HIV, in the interaction 

between influenza and tuberculosis disease. Other important areas which were not addressed by the 

studies reviewed included whether influenza infection is associated with reactivation of latent 

tuberculosis or not. 

Summary from experimental animal models 

In murine models, five of the six studies included in our systematic review suggested that influenza 

and tuberculosis coinfection affected disease progression, presentation or outcome[7l, 111-1201. One 

study showed no effectr121 1. All but one of these studies reported on the effect of influenza virus in 

mice infected with tuberculosis and one study reported on the effect of influenza virus in mice 

infected with tuberculosis and the effect of tuberculosis in mice infected with influenza virus. The 

reported effect ranged from tuberculin hypersensitivity in mice being temporarily suppressed 

following intranasal influenza virus challenger120J to influenza enhancing susceptibility to 

tuberculosis disease (ll
9l, impairing mycobacterium control and/or decreasing host surviva1r71 , 117-1191_ 

Bernard et al. showed that coinfection compared to tuberculosis only resulted in 50-75% shorter 

survival time and a higher case-fatality rate in mice [71 1. The one study that reported on effect of 

tuberculosis in mice with influenza showed that 5% of the mice infected with influenza alone died 

compared to 100% of the mice infected with both influenza and tuberculosis [?lJ_ 

Summary 

In summary, although animal experimental studies suggested an association, specifically that 

influenza-tuberculosis coinfection in mice resulted in more severe disease than influenza only or 

tuberculosis only disease, this was not found in four of the five analytical studies in humans. Three of 
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the five descriptive studies, although not assessed for statistical significance reported either increased 

frequency of coinfection in severe influenza- or tuberculosis- associated disease compared to 

prevalence in the community or to the individuals with single infection. 

Generalisability and implications of results 

Our review only included studies with laboratory-confirmed influenza illness and clinical (4), or 

laboratory- confirmed tuberculosis (4) or a combination oflaboratory-confirmed or clinical (2), as a 

result this limited the number of studies we could include. The type of tuberculosis included in the 

papers reviewed differed among the studies, with some studies reporting newly diagnosed 

tuberculosis, some reporting on cases in tuberculosis sanatorium for a number of months, and some 

included cases who had completed tuberculosis treatment, thus making it difficult to compare the 

results of different studies. The numbers of participants in most studies included in the review were 

small and this could have limited the ability of included studies to detect significant associations. We 

did not include ecological studies because we wanted to evaluate associations at individual level. In 

addition, ecological studies did not include data on laboratory-confirmed influenza disease. Studies 

in Chinese were not included in the review, due to lack of translators, and therefore our review may 

not reflect the full body of literature on this topic. Lastly, we included case series, outbreak reports 

and studies that were only descriptive and descriptive studies cannot assess for an association or 

measure relative severity. 
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3.2.THE BURDEN AND CLINICAL PRESENTATION OF PULMONARY 

TUBERCULOSIS IN ADULTS WITH SEVERE RESPIRATORY ILLNESS 

IN A HIGH HIV PREVALENCE SETTING, 2012-2014 

Summary of results and comparison with other papers looking at burden and clinical 

presentation of tuberculosis in patients admitted with lower respiratory tract illness 

The burden of clinical influenza disease in patients admitted with severe respiratory illness in South 

Africa has been described [l
5

, 
18

• 49• 
51

• 
52

• 1221. However, there is a gap in literature describing 

tuberculosis in hospitalised patients with SRI. In our study, we wanted to describe the burden and 

clinical presentation of tuberculosis in this group of patients. We implemented systematic testing for 

tuberculosis among patients admitted with SRI and showed that the prevalence of tuberculosis was 

high in patients aged ~ 15 years hospitalized with SRI irrespective of duration of symptoms, 

detection rate for laboratory-confirmed tuberculosis, was 28% overall; 18% (133/729) in individuals 

with acute (::::;14 days) and 34% (460/1,368) in individuals with chronic (>14 days) presentation, 

respectively (p<0.001). The finding that tuberculosis was common in patients admitted with 

pneumonia is similar to other studies that reported a high prevalence of tuberculosis in patients 

admitted with pneumonia though the prevalence varied between the different studies depending on 

whether the studies included children, individuals who were immunocompromised or all age groups 

[78, 123•1261. In a prospective study including 346 non-imunocompromised individuals aged ~12 years 

admitted for community acquired pneumonia (CAP) in Indonesia, aetiology was identified in 47% of 

cases and 4.7% were positive for M tuberculosis. r1231_ In a study from Kenya, which investigated 

281 adults~ 15 years hospitalised with acute radiologically confirmed pneumonia, aetiology was 

defined in 65% (182/281), 9% (26) were positive for M tuberculosis 11261. Post-mortem studies have 

also reported a high prevalence (32%-69%) of tuberculosis in patients dying of respiratory illness or 

any medical condition, in some cases where tuberculosis was not suspected [121
- 1301 . Unlike in our 
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study, most of these studies did not differentiate between cases with acute and chronic presentation 

with one study only including cases with acute presentation, and mostly included HIV-infected cases 

[126] 

Similar to other studies, we showed that tuberculosis among patients admitted with SRI was more 

commonly identified in individuals with symptoms > 14 daysr123l. Furthermore, our study showed that 

clinical presentation differed between individuals with laboratory-confirmed tuberculosis with acute 

compared to chronic presentation. Compared to patients with a chronic presentation, laboratory­

confirmed tuberculosis cases with acute presentation were less likely to present with classical 

tuberculosis symptoms (cough adjusted odds ratio ((aOR) 0.2, 95%CI 0.1-0.5) or night sweats (aOR 

0.4, 95%CI 0.3-0.7)). In addition, they were less likely to be started on tuberculosis treatment by the 

attending clinician during the admission compared to those with chronic presentation (aOR 0.4, 

95%CI 0.3-0.7). The atypical presentation of patients with acute symptoms may have implications 

for tuberculosis control in that these patients may be missed by tuberculosis screening guidelines and 

the clinicians may have a low index of suspicion for testing these patients for tuberculosis. It is 

important to note that although the clinical presentation was different, mortality was not significantly 

different between laboratory-confirmed tuberculosis patients with acute (8%, 11 /131) and chronic 

(13%, 56/447) presentation. 

While the likelihood of tuberculosis disease was higher if symptom duration was > 14 days, 

additional numbers of cases will be identified if laboratory testing for tuberculosis is conducted for 

adults with SRI irrespective of symptom duration or HIV status. Among the laboratory-confirmed 

tuberculosis cases in our study, 22% ( 133) and 78% ( 460) had an acute and chronic presentation 

respectively. In addition, among HIV-uninfected laboratory-confirmed cases, 21 % (21 /98) had an 

acute presentation. The aetiology study from Kenya described earlier, which reported a tuberculosis 

prevalence of 9% in patients admitted with pneumonia, only included patients with symptoms :S 14 

days. r126J . 
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We also showed that coinfections with respiratory viruses were common, 29% of tuberculosis 

confirmed cases were infected with a respiratory virus. The common viral coinfection was rhinovirus 

(16%), followed by adenovirus (7%), RSV (3%), human metapneumovirus (2%), enterovirus, 

parainfluenza1&3 (1 % each) and parainfluenza 2 (<1 %). In addition, 4% of tuberculosis cases were 

coinfected with influenza virus, 7% and 3% among those with acute and chronic presentation 

respectively. In a Thailand study which only included cases with acute presentation <1 % of cases 

were co-infected with influenza virus and M tuberculosis [III]_ 

Incidence of hospitalization for tuberculosis-associated SRI 

We showed that the overall incidence of hospitalized tuberculosis-associated SRI irrespective of 

symptom duration was high (144/100,000 population; 95% CI 131-158). The annual incidence of 

tuberculosis-associated SRI in individuals hospitalized with acute presentation was 28 per 100,000 

population (95% CI 22-39), increased with increasing age and was highest in individuals 2:65 years 

(94 cases per 100,000 population, 95% CI 54-153). The incidence of tuberculosis-associated SRI in 

individuals with chronic presentation was 116 per 100,000 population per annum (95% CI 104-128) 

and was highest in individuals aged 25-44 years (145 cases per 100,000 population, 95% CI 125-

166). 

HIV prevalence in our study was high, 81 % (424/522) among laboratory- confirmed tuberculosis and 

it was similar in those with acute (83%, 102/123) and chronic (81 %, 322/399, p=0.51) presentation. 

The high HIV prevalence limited our ability to assess whether HIV affected the clinical 

characteristics of patient with acute and chronic presentation. In addition, in our setting with such a 

high prevalence of HIV in patients admitted with severe respiratory illness (76% in our study), it may 

be advisable to use the same tuberculosis screening guidelines for all patients hospitalised with SRI 

regardless of HIV status. 

Generalisability, limitations and implications of results 
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In our study, we included known tuberculosis cases during the initiation period of therapy, as we 

thought that these patients had active tuberculosis and tuberculosis could affect their outcome. 

However, this may have led to underestimation of mortality in patients classified as having 

tuberculosis, in that patients already on treatment may be less likely to die during current admission. 

On the other hand, we may have classified cases as not having tuberculosis if they tested negative for 

tuberculosis although they may still be experiencing the complications of tuberculosis. We only 

included patients aged ~15 years and therefore cannot comment on acute and chronic presentation of 

tuberculosis in children. Our study was conducted in high HIV prevalence setting and may not be 

generalisable to settings with low HIV prevalence. 

Gap filled by our study and implications following our study 

Because we implemented systematic testing for tuberculosis, we had sufficient numbers of 

individuals with laboratory confirmed tuberculosis (593) and were able to describe the factors 

associated with acute compared to chronic presentation of tuberculosis. To our knowledge no other 

study has conducted systematic testing for tuberculosis in patients hospitalised with SRI and 

addressed this question. Our study allowed us to describe the incidence and clinical presentation of 

individuals with acute and chronic symptoms and hospitalised with laboratory confirmed 

tuberculosis. Although HIV prevalence was generally high in patients included in our study, 21 % of 

HIV-uninfected patients with laboratory-confirmed tuberculosis had an acute presentation, this is an 

important group of patients to highlight as these would have been missed by the South African 

tuberculosis testing guidelines which recommend only testing HIV-uninfected patients with symptom 

duration> 14 days for tuberculosis. Understanding the burden and spectrum of presentation of 

tuberculosis and the possibility of identifying early tuberculosis may serve as motivation for 

clinicians to test patients admitted with SRI for tuberculosis. It may also motivate for extension of 

policy on intensified case finding to include all hospitalised pneumonia cases. Tuberculosis should be 
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considered in a differential diagnosis of patients hospitalised with SRI irrespective of the duration of 

symptoms in high HIV and tuberculosis burden settings such as South Africa. 

Remaining gaps 

Our study reported the burden and incidence of tuberculosis in individuals 2:15 years, similar studies 

in children will be useful to assess whether a similar pattern is present among children. 
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3.3.INCREASED RISK OF MORTALITY AMONG PATIENTS ADMITTED 

WITH SEVERE RESPIRATORY ILLNESS WHO ARE COINFECTED 

WITH INFLUENZA VIRUS AND MTUBERCULOSIS COMPARED TO 

PATIENTS WITH SINGLE INFLUENZA OR TUBERCULOSIS 

INFECTION 

Summary of results and comparison with other studies 

To answer this question, we conducted two studies. The first study included patients of all age groups 

and tuberculosis testing was only conducted as part of clinical care. The second study was conducted 

two years later and included only individuals aged ~ 15 years and we performed systematic testing for 

tuberculosis for the majority of the period included in the study. The cut-off used for acute 

presentation in the 1st study was sl 4 days based on guidelines for tuberculosis testing for HIV 

negative patients. This is a more relevant cut-off for clinicians, which is also used in health 

promotion messages to encourage patients to seek health care and testing for tuberculosis. For the 

second study, acute presentation was defined ass 7 days based on the WHO SARI case definition at 

the time. In the first paper, which relied on tuberculosis testing performed as part of clinical care, 

overall, among patients with available influenza virus results, only 2959 (38%) were tested for 

tuberculosis during the current admission for severe respiratory illness. Clinicians were more likely 

to test patients with a chronic presentation, symptom duration ~7 days (aOR 1.3, 95%CI 1.1-1.3), 

patients ~5 years, especially those aged 25-44 years (aOR 3.5, 95%CI3.0-4.2) as compared to <5 

years and HIV infected individuals (aOR 1.5, 95%CII.3-l.7). The prevalence of tuberculosis in this 

group of patients was 15% ( 457), with highest proportion testing positive for tuberculosis in 25-44 

year age group. One percent (34/2959) of cases was co infected with influenza virus and M 

tuberculosis. The prevalence of coinfection was slightly higher than that reported in a retrospective 
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study from Thailand (2003-2011) using surveillance data, <1% (23/7180) of cases with acute 

respiratory illness was co-infected. Similarly in a case series of patients positive for influenza 

A(H1Nl)pdm09 admitted in two hospitals in South Korea from May 2009 through May 2011 <1% 

(7/12196, 0.06%) were infected with newly diagnosed tuberculosis [681. Similar to our study, the 

study from Thailand tested patients who met criteria for severe acute respiratory infection for 

influenza virus and did not systematically test for M tuberculosis therefore may have missed patients 

with tuberculosis. In the study from Thailand only 28% of enrolled cases were tested for 

tuberculosis[! 11 1. 

In contrast to previous published studies, our study included patients with a more chronic 

presentation and therefore allowed us to look at the contribution of influenza illness in tuberculosis 

patients with acute and chronic presentation separately. Among patients with symptoms ?:.7 days, 

patients co-infected with influenza and tuberculosis as compared to patients with tuberculosis only 

were at increased risk of death (aRRR 5.5, 95% CI 1.2-25.3). This association was only seen in those 

with chronic presentation. The study from Thailand, which did not show increased risk of mortality 

in patients co-infected with influenza virus and M tuberculosis compared to influenza only and 

tuberculosis only cases, only included patients with acute presentation[I IIJ. In a case control study 

from Kenya examining risk factors for seasonal influenza hospitalization among individuals ?:.5 years 

admitted with respiratory illness, active tuberculosis was associated with influenza hospitalization on 

bivariate analysis; however, this was not significant on multivariable analysis. Similar to the 

Thailand study, this study included only patients with acute presentation[1121. 

Other studies, mostly outbreak reports and case series, which presented individual level data on 

influenza and tuberculosis disease [67
, 

1091 also suggested increased prevalence of tuberculosis in 

patients with severe influenza-associated illness (hospitalization or mortality) during influenza 
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pandemics. These were limited in that they did not have comparison groups and therefore could not 

compare tuberculosis or influenza single infection to co-infected individuals. 

Generalisability, limitations and implications of results 

Our study included a mixed group of patients including both children and adults for whom there are 

substantial differences in diagnosis and presentation. Some sites only recruited cases with acute 

presentation and other sites included cases with acute and chronic presentation and we did not 

systematically test patients admitted with SRI for tuberculosis. The differential enrolment criteria and 

testing procedures for tuberculosis across different participating sites may have introduced selection 

bias. In addition, tuberculosis cases were defined based on laboratory confirmation and we may have 

underestimated the prevalence and misclassified cases as not tuberculosis if the result from a sample 

that was tested was negative. Specific situations where the sensitivity of laboratory confirmation is 

low include children and HIV-infected individuals where tuberculosis tends to be paucibacillary and 

smear negative. The study period wasl8 months which included 2 influenza seasons. The differences 

in morbidity and mortality between coinfected patients and TB single infection could be due to cases 

presenting at different times since we did not control for seasonality. 

Testing all patients admitted with severe respiratory illness for M tuberculosis may identify more 

cases of tuberculosis, influenza and cases co-infected with influenza virus and M tuberculosis which 

in turn may enable us to evaluate specific interactions in the influenza and tuberculosis infected 

groups separately. Based on the findings from this paper that despite a high HIV prevalence(~ 70%), 

very few patients (38%) were tested for M tuberculosis and that influenza virus and M. tuberculosis 

coinfection was associated with increased risk of death among patients presenting with a more 

chronic presentation we wanted to explore this further. The low prevalence of tuberculosis testing 

and high HIV prevalence is an important result because based on the national guidelines for 

tuberculosis testing, active tuberculosis screening for HIV-infected individuals should be 
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implemented. We instituted systematic tuberculosis testing from June 2012 as part of surveillance; 

results using these data are presented in paper IV and are summarised below. In this paper (paper 

IV), because of the increased available sample size we were able to assess factors associated with 

death among influenza virus positive cases and among M tuberculosis cases separately. From June 

2010 to May 2016, 6228 individuals aged 2::15 years were enrolled from the two enhanced sites that 

included cases with both acute and chronic presentation. Of these, 68% (4253/6228) had results for 

influenza and tuberculosis of which 6% (239/4253) were positive for influenza virus and 26% 

(1092/4253) were positive for M tuberculosis. Of these, 25% (1050/4253) were positive for M 

tuberculosis only, 5% (197/4253) for influenza virus only and 1% (42/4253) of individuals were 

coinfected with both influenza virus and M tuberculosis. HIV prevalence was high, 76% 

(4445/5853); 69% (213/308) among influenza virus positive cases and 83% (869/1043) among M 

tuberculosis positive cases. Similar to the first paper, our study showed that influenza-tuberculosis 

coinfection was associated with increased risk of death as compared to either influenza only or 

tuberculosis only cases. 

Effect of tuberculosis on influenza 

On multivariable analysis, controlling for age group, HIV status and symptom duration, laboratory­

confirmed tuberculosis was associated with an increased risk of death in hospitalised patients who 

tested positive for influenza virus [(8/42 (19%) vs 10/190 (5%)); aOR 4.5, 95% CI 1.5-13.3]. Case 

series and ecological studies from influenza pandemics suggested that tuberculosis disease 

predisposed individuals with influenza disease to severe outcomes [62
•
67

• 
109

, 
1101. As mentioned 

earlier, these studies were mostly descriptive and tuberculosis prevalence among cases with severe 

illness or outcomes was compared to the prevalence of M tuberculosis in the general population to 

infer an association. In addition, in some of the case series tuberculosis diagnosis was not detailed 

and it was not possible to establish whether tuberculosis was active or not and whether the patients 
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were on treatment for tuberculosis disease or not [67
• 

109
, 

1101. Co-infection with other respiratory 

viruses was not significantly associated with increased mortality ORI.6 (95% CI 0.4-5.6). 

Effect of influenza on tuberculosis 

Among hospitalised individuals with laboratory-confirmed tuberculosis disease, factors 

independently associated with death were age group 2:65 years compared to 15-24 years (aOR 3.6, 

95%CI 1.2-11.0) and influenza coinfection (aOR 2.3, 95% Cl 1.02-5.2). Patients with longer duration 

of symptoms compared to those with more acute presentation were at increased risk of tuberculosis­

associated death, although this was not statistically significant. As summarised under the systematic 

review, case series and outbreak reports from tuberculosis sanatoria reported mixed results [67
, 

109
, 

114
, 

1151. Murine studies also suggested that influenza virus infection of mice with tuberculosis reduced 

long term survivaJ[7 i, 117
• 

1181. Bernard et al. showed that the amount of tissue damage among 

tuberculosis-influenza co infected mice, increased with increasing time of tuberculosis infection prior 

to the influenza challenge [711. Co-infection with other respiratory viruses was not associated with 

increased mortality, unadjusted odds ratio 0. 7 (95% CI 0.4-1.1 ). 

Generalisability, limitations and implications of the results 

Patients enrolled in surveillance programmes may not be reflective of patients with respiratory illness 

who presented at outpatient departments or those who died at home. We were only able to test 69% 

of patients for M tuberculosis. We may have missed patients with more severe illness who died 

before M tuberculosis testing or were too ill to expectorate as patients who were tested compared to 

those not tested were less likely to die during current admission. This could have led to 

underestimation of case-fatality ratios. HIV-infected individuals made up 73% of participants in our 
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study. It is known that HIV-infected individuals may be less likely to excrete tuberculosis bacilli and 

therefore be less likely to have laboratory-confirmed tuberculosis, especially if only tested on 

microscopy [131
-
1331_ For this reason, we may have misclassified some individuals (particularly those 

who were HIV infected) as not having tuberculosis following a negative microbiologic result, leading 

to potential underestimation of association with severe outcome in patients who are coinfected. 

Although our study used surveillance data, it included sites from different sociodemographic areas, 

including rural, urban and periurban areas, whereas the other published studies were either restricted 

to rural or urban areas [67, 109, 1111 • 

Gaps filled by the two studies 

We described the prevalence of tuberculosis influenza coinfection and factors associated with 

co infection in a high HIV and tuberculosis prevalence setting. Because of the relatively large 

numbers of patients enrolled in our study and the implementation of systematic tuberculosis testing 

for part of the study, we were able to assess factors independently associated with death in 

individuals with laboratory confirmed tuberculosis disease and influenza-associated disease 

separately and none of the other studies were able to do this. In our studies we tested for other viruses 

and the associations with increased mortality was only seen with influenza virus and M tuberculosis 

and not with other viruses. 

Remaining gaps and considerations following the two studies on mortality among patients 

admitted with severe respiratory illness who are co-infected with influenza and tuberculosis 

Based on the results from the first paper, South African guidelines on influenza were updated to 

include tuberculosis disease as a specific risk group for severe influenza disease [I
34J_ Although the 

WHO advised influenza vaccination for tuberculosis patients during the 2009 influenza pandemic, 

none of the other influenza guidelines include patients with tuberculosis disease as a group to be 
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targeted for influenza vaccination. There is limited published data on the effectiveness or efficacy of 

influenza vaccination in patients with tuberculosis, according to our knowledge none among those 

co-infected with HIV. Studies of vaccine efficacy in this group of individuals should be 

implemented. We used the surveillance data, with minimum modifications to existing surveillance, to 

answer the question on interaction between influenza and tuberculosis. A longitudinal cohort study of 

newly diagnosed tuberculosis patients would have been better suited to provide good data to infer a 

causal relationship between coinfection and severe outcomes. However, it would have taken a long 

time to enrol an adequate sample size and to complete a sufficient follow-up period to look at 

outcomes of interest. Further work that would strengthen these findings include looking at risk of 

being hospitalised if a tuberculosis patient is infected with influenza and assessing additional 

influenza morbidity trough hospitalisations borne by PTB patients. 

3.4.EXCESS MORTALITY ASSOCIATED WITH INFLUENZA AMONG 

TUBERCULOSIS DEATHS IN SOUTH AFRICA, 1999-2009 

Summary of results and comparison with other studies 

In this study we aimed to estimate the influenza-associated mortality among individuals with PTB in 

South Africa from 1999-2009. To investigate ifthere was an increased risk of mortality associated 

with influenza virus infection in patients with tuberculosis compared to other groups, we estimated 

the rate of influenza-associated mortality among PTB deaths and compared it to the rate of influenza­

associated mortality among non-tuberculosis respiratory deaths. 

PTB deaths were highly seasonal, increased each winter, coinciding with influenza virus circulation. 

This is similar to the data from Switzerland (2016) which showed peaks in PTB mortality coinciding 

with or slightly after the 1889 and 1918 influenza pandemics[ 135l_ Non-tuberculosis respiratory deaths 
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were also highly seasonal. In our study, an increased risk of influenza-associated mortality in persons 

with PTB compared to non-tuberculosis respiratory deaths was observed. Among individuals <65 

years of age the mean annual influenza-associated mortality rates per 100,000 person-years were 141 

(n = 375) among PTB deaths, 27 (n = 1125) among HIV infected non-tuberculosis respiratory deaths, 

and 2 (n = 937) among HIV-uninfected non tuberculosis respiratory deaths. In this age group, the 

risk of influenza-associated mortality was greater among PTB deaths compared to HIV-infected non­

tuberculosis respiratory deaths (relative risk (RR): 5.2; 95% CI: 4.6-5.9) and HIV-uninfected non­

tuberculosis respiratory deaths (RR: 61.0; CI: 41.4-91.0). The estimated mortality rate associated 

with influenza virus infection was greater among PTB deaths compared to non-tuberculosis 

respiratory deaths also among individuals aged 2:65 years (RR: 13.0; 95%CI: 12.0-14.0); an age 

group where the population HIV prevalence is low. Taken together, these results suggest that the 

increased risk of influenza-associated death among PTB deaths was not only related to underlying 

HIV-infection. In our setting, there is a high prevalence of HIV in individuals with tuberculosisC101 

and HIV is an important risk factor for both tuberculosis - and influenza -associated mortalityC18
, 

19
, 

521. Even with that background, as mentioned earlier, our study found an increased risk of influenza­

associated mortality among PTB compared to non-tuberculosis respiratory deaths irrespective of HIV 

status suggesting that PTB may be an independent risk factor for increased influenza-associated 

mortality. 

The findings of increased risk of influenza-associated mortality in patients with PTB are consistent 

with ecological data prior to the HIV era, where elevated influenza-related mortality was reported 

among tuberculosis-infected patients during the 1918 influenza pandemic (65, 108, 135, 1361 and the 1889 

influenza pandemic [l
35l_ These authors hypothesised that influenza pandemics contributed to the 

decline of tuberculosis in later years by decreasing the pool of potential transmitters by wiping out 

cases with tuberculosis (harvesting effect).[65, 90, 108, 1361. A study from Switzerland (2016) using 

historic data from the 1889 and the1918 influenza pandemics used Poisson regression model to 
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quantify the excess pulmonary PTB mortality attributable to influenza disease. This study reported 

that for an increase of 100 influenza deaths (per 100,000 population) monthly PTB mortality rates 

increased by a factor of2.0 (95%Cl 1.8-2.2, p<0.001) and 1.5 (95%Cl 1.1-1.9, p = 0.004) during the 

1889 and 1918 influenza pandemic, respectively C135l. Similar to our study, this study did not observe 

any excess mortality in comparison groups, cancer or extrapulmonary TB mortality. The other 

studies modelled excess tuberculosis mortality above baseline and did not compare excess mortality 

to other conditions C63
, 

108l. Oei et al. (2012) using data from USA, Japan and Netherlands, estimated 

the age, period and cohort effect of tuberculosis mortality, which showed a spike in tuberculosis 

mortality during the 1918 pandemic followed by a significant steeper decline in TB mortality than 

what was observed before the pandemic, suggesting a possible harvesting effectC108l. Housworth and 

Langmuir (1974) reported excess tuberculosis mortality during intense influenza A epidemics 

compared to milder influenza B seasons C63l. However Bradshaw et al. (2008), suggested that the 

excess in tuberculosis mortality among males mortality during the 1918 pandemic was more likely 

due to war time mobilization rather than influenza illness,c1 37l. These studies included data from the 

pandemic influenza whereas our study included seasonal influenza and in addition covered a period 

when HIV was prevalent. During the period covered by the other studies, influenza illness was 

clinically diagnosed and there was limited laboratory testing for M tuberculosis. It is possible that 

tuberculosis cases presenting acutely were misclassified as pneumonia and that influenza cases 

presenting early in the pandemic were missed. 

Gap filled by our study 

We described an increased risk of influenza-associated mortality in patients with PTB in a high HIV 

and tuberculosis setting. The other studies on excess tuberculosis mortality mostly covered pandemic 

influenza years C65, 90, 108, 135, 136l. Our study complemented these studies in that it included data on 

seasonal influenza from a high tuberculosis burden country during a period when HIV was prevalent. 
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In addition, our model stratified the analysis by HIV in order to investigate whether the rate of 

influenza-associated mortality among PTB deaths was as a result of underlying HIV. 

Generalisability and implications for interpreting the results 

Because of poor recording of HIV infection on the death register in South Africa c13sJ, indirect 

methods were utilised to assess the influenza-associated mortality burden among HIV-infected and­

uninfected non-tuberculosis respiratory deaths. For PTB and non-tuberculosis respiratory deaths we 

relied on the diagnosis based on the death certificates with possible misclassification of cause of 

death. However, this is unlikely to be sufficient to account for the observed increases. Previous 

studies from South Africa have shown that there is no winter increase in mortality for "control" 

diagnoses such as cancer for which no association with influenza disease has been demonstratedC15l_ 

Our modelling approach assumed that all excess deaths occurring above the model baseline were 

attributable to influenza. Influenza-associated mortality could in part be associated with other 

infections such as Streptococcus pneumoniae that have been shown to interact with influenza leading 

to severe outcomesC139l_ However, this effect would be expected to occur among non-tuberculosis 

respiratory and PTB cases alike. Denominators for the number of individuals with PTB were 

obtained from national published estimates C102l. Some cases of PTB may not have been recorded on 

the national register and this could have led to our denominators of numbers of individuals with PTB 

being too low which would have led to an overestimation of rates of death in individuals with 

tuberculosis. However, similar estimates of tuberculosis case numbers in the South African 

population have been found using estimates extrapolated from laboratory-confirmed cases C140l. We 

were not powered to estimate excess influenza mortality in more refined age groups, owing to the 

low prevalence (and associated mortality) of tuberculosis in individuals <15years. Among PTB 

deaths, we could not assess the influenza-associated mortality by HIV status because in our setting 

the vast majority of tuberculosis patients are positive for HIV and we could not disaggregate the 

effect of ART and improved TB detection and treatment in this group. 
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Remaining gaps following our study 

We did not have individual level data and were not able to further explore whether the PTB deaths 

which we observed were in individuals with chronic underlying tuberculosis who experienced an 

acute exacerbation as a result of superimposed influenza infection. 
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4. CONCLUSION 

Before the data from this PhD, there was limited data on the association between influenza and 

tuberculosis from analytic studies. Through the work of this PhD I showed that in our setting with 

high HIV and tuberculosis burden, tuberculosis was common in patients hospitalised for SRI 

irrespective of symptom duration and that at four surveillance sites clinicians were unlikely to test 

patients with acute presentation for tuberculosis and therefore tuberculosis maybe missed during 

influenza season. I also showed that influenza was an independent risk factor for tuberculosis­

associated deaths and that tuberculosis was an independent risk factor for influenza-associated 

deaths. Lastly, I showed increased risk of influenza-associated mortality in persons with PTB 

compared to non-tuberculosis respiratory deaths in HIV-infected and-uninfected individuals 

suggesting that the increased risk of death among PTB deaths was independent of HIV. The analyses 

presented in this submission support the hypothesis from ecological studies that influenza­

tuberculosis coinfection results in poor outcomes. These findings may support recommendations for 

active inclusion of patients with tuberculosis for influenza vaccination (in addition to existing 

recommendations for vaccination of HIV-infected individuals) and consideration for empiric anti­

viral treatment for influenza among patients with tuberculosis hospitalised with acute respiratory 

symptoms during influenza epidemics. These studies also reinforce the importance of maintaining a 

high index of suspicion for tuberculosis in SRI patients presenting with acute symptoms. 

Randomized controlled studies provide the strongest epidemiologic study design for establishing a 

causal relationship however in the absence of these, evidence from large observational studies does 

play an important role. Vaccine trials may be needed to assess efficacy of influenza vaccination 

strategies on outcome and mortality in individuals with tuberculosis in high burden countries. 

49 



5. ACKNOWLEDGEMENTS 

I would like to acknowledge the following individuals, without whom this PhD would not have been 

possible. 

My supervisors, Cheryl Cohen and Stefano Tempia, thank you for your patience, guidance and for 

sharing your professional expertise with me during this process. 

Mziwandile Tshwele, my husband, thank you for your support and encouragement. 

My children, Vuyo Tshwele, Sazi Tshwele and Esona Makini, thank you for your encouragement 

and love and for being generous with your time when I was working on this PhD. 

The writing group members, thank you for your encouragement, contribution and for reviewing the 

manuscripts which formed part of this PhD 

In addition, I would like to acknowledge the SARI surveillance team who collected and captured the 

data and tested the samples, friends and colleagues from the National Institute for Communicable 

Diseases. 

50 



6. REFERENCES 

1. Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Mad hi SA, et al. Global burden of respiratory infections 
due to seasonal influenza in young children: a systematic review and meta-analysis. Lancet 2011; 
3 78(9807): 1917-1930. 
2. Dawood FS, Iuliano AD, Reed C, Meltzer Ml, Shay DK, Cheng PY, et al. Estimated global mortality 
associated with the first 12 months of 2009 pandemic influenza A H1N1 virus circulation: a modelling 

study. Lancet lnfectDis 2012; 12(9):687-695. 
3. World Health Organization. Global tuberculosis report 2016. In: WHO; 2016. pp. 1-201. 
4. World Health Organization. Global tuberculosis control: WHO report 2011. In. Edited by 
WHO/HTM/TB/2011.16: World Health Organization; 2011. 
5. World Health Organization. Global Tuberculosis Report 2012. In; 2013. 
6. World Health Organization. Global tuberculosis report 2014. In; 2014. 
7. Fares A. Seasonality of tuberculosis. J GloblnfectDis 2011; 3(1):46-55. 
8. Wingfield T, Schumacher SG, Sandhu G, Tovar MA, Zevallos K, Baldwin MR, et al. The seasonality of 
tuberculosis, sunlight, vitamin D, and household crowding. The Journal of infectious diseases 2014; 
210(5):774-783. 
9. Schaaf HS, Nel ED, Beyers N, Gie RP, Scott F, Donald PR. A decade of experience with Mycobacterium 
tuberculosis culture from children: a seasonal influence on incidence of childhood tuberculosis. TuberLung 
Dis 1996; 77(1):43-46. 
10. World Health Organization. Global Tuberculosis report 2012. In. Edited by Organization WH; 2012. 
11. Statistics South Africa. Mortality and causes of death in South Africa, 2010: Findings from death 
notification. In. South Africa; 2013. 
12. Department of Health Republic of South Africa. National Tuberculosis Management Guidelines. In; 
2014. pp. 1-116. 
13. National Department of Health. National Tuberculosis Management Guidelines 2009. In: 
http://familymedicineukznacza/Libraries/Guidelines Protocols/TB Guidelines 2009sf/bashx; 2009. pp. 1-
116. 
14. Department of Health Republic of South Africa. Guidelines for management of tuberculosis in children, 
2013. In. Edited by Health. Pretoria: Department of Health; 2013. pp. 1-56. 
15. Cohen C, Simonsen L, Kang JW, Miller M, McAnerney J, Blumberg L, et al. Elevated influenza-related 
excess mortality in South African elderly individuals, 1998-2005. ClinlnfectDis 2010; 51(12):1362-1369. 
16. World Health Organization. Seasonal influenza. In. WHO website 2014. 
17. MMWR Morb Mortal Wkly Rep 2010. Recommendations of the Advisory Committee on Immunization 
Practices (ACIP), 2010. In; 2010. pp. 1-62. 
18. Cohen C, Moyes J, Tempia S, Groome M, Walaza S, Pretorius M, et al. Mortality amongst Patients with 
Influenza-Associated Severe Acute Respiratory Illness, South Africa, 2009-2013. PLoS ONE 2015; 
10(3):e0118884. 
19. Cohen C, Simonsen L, Sample J, Kang JW, Miller M, Mad hi SA, et al. Influenza-related mortality among 
adults aged 25-54 years with AIDS in South Africa and the United States of America. Clin Infect Dis 2012; 
55(7):996-1003. 
20. Tempia S, Walaza S, Cohen AL, von Mollendorf C, Moyes J, McAnerney JM, et al. Mortality Associated 
with Seasonal and Pandemic Influenza among Pregnant and Non-Pregnant Women of Childbearing Age in 

a High HIV Prevalence Setting - South Africa, 1999-2009. Clinical Infectious Diseases 2015. 
21. Tempia S, Walaza S, Viboud C, Cohen AL, Madhi SA, Venter M, et al. Mortality associated with seasonal 
and pandemic influenza and respiratory syncytial virus among children <5 years of age in a high HIV 
prevalence setting--South Africa, 1998-2009. ClinlnfectDis 2014; 58(9):1241-1249. 

51 



22. Tempia 5, Walaza S, Viboud C, Cohen AL, Mad hi SA, Venter M, et al. Deaths Associated with Respiratory 
Syncytial and Influenza Viruses among Persons >/=5 Years of Age in HIV-Prevalent Area, South Africa, 
1998-2009. Emerging infectious diseases 2015; 21(4):600-608. 
23. Van Kerkhove MD, Vandemaele KA, Shinde V, Jaramillo-Gutierrez G, Koukounari A, Donnelly CA, et al. 
Risk factors for severe outcomes following 2009 influenza A {HlNl) infection: a global pooled analysis. 
PLoSMed 2011; 8(7):e1001053. 
24. Tempia S, Walaza S, Moyes J, Cohen AL, von Mollendorf C, Treurnicht FK, et al. Risk Factors for Influenza­
Associated Severe Acute Respiratory Illness Hospitalization in South Africa, 2012-2015. Open forum 
infectious diseases 2017; 4(1):ofw262-ofw262. 
25. Angelo SJ, Marshall PS, Chrissoheris MP, Chaves AM. Clinical characteristics associated with poor 
outcome in patients acutely infected with Influenza A. Connecticut medicine 2004; 68(4):199-205. 
26. Louie JK, Salibay CJ, Kang M, Glenn-Finer RE, Murray EL, Jamieson DJ. Pregnancy and severe influenza 
infection in the 2013-2014 influenza season. Obstetrics and gynecology 2015; 125(1):184-192. 
27. Allard R, Leclerc P, Tremblay C, Tannenbaum TN. Diabetes and the severity of pandemic influenza A 
(HlNl) infection. Diabetes care 2010; 33(7):1491-1493. 
28. Fezeu L, Julia C, Henegar A, Bitu J, Hu FB, Grobbee DE, et al. Obesity is associated with higher risk of 

intensive care unit admission and death in influenza A (HlNl) patients: a systematic review and meta­
analysis. Obesity reviews : an official journal of the International Association for the Study of Obesity 2011; 
12(8):653-659. 
29. Kunisaki KM, Janoff EN. Influenza in immunosuppressed populations: a review of infection frequency, 
morbidity, mortality, and vaccine responses. Lancet lnfectDis 2009; 9(8):493-504. 
30. Murray J, Cohen A, Walaza S, Groome M, Madhi S, Variava E, et al. Determining the Provincial and 
National Burden of Influenza-Associated Severe Acute Respiratory Illness in South Africa Using a Rapid 

Assessment Methodology. PloS one 2015; 10(7):e0132078. 
31. Cohen C, Walaza S, Treurnicht FK, McMorrow M, Mad hi SA, McAnerney JM, et al. In- and Out-of-hospital 

Mortality Associated with Seasonal and Pandemic Influenza and Respiratory Syncytial Virus in South 
Africa, 2009-2013. Clinical infectious diseases : an official publication of the Infectious Diseases Society of 
America 2017. 
32. Pretorius MA, Tempia S, Walaza S, Cohen AL, Moyes J, Variava E, et al. The role of influenza, RSV and 
other common respiratory viruses in severe acute respiratory infections and influenza-like illness in a 
population with a high HIV sero-prevalence, South Africa 2012-2015. Journal of clinical virology: the official 
publication of the Pan American Society for Clinical Virology 2016; 75:21-26. 
33. Stefano T, Sibongile W, Jocelyn M, Adam LC, Claire von M, Meredith LM, et al. Attributable Fraction of 
Influenza Virus Detection to Mild and Severe Respiratory Illnesses in HIV-Infected and HIV-Uninfected 
Patients, South Africa, 2012-2016. Emerging Infectious Disease journal 2017; 23(7):1124. 
34. McAnerney JM, Cohen C, Moyes J, Besselaar TG, Buys A, Schoub BD, et al. Twenty-five years of 
outpatient influenza surveillance in South Africa, 1984-2008. The Journal of infectious diseases 2012; 206. 
35. McAnerney JM, Cohen C, Moyes J, Besselaar TG, Buys A, Schoub BD, et al. Twenty-five years of 
outpatient influenza surveillance in South Africa, 1984-2008. J lnfectDis 2012; 206 Suppl 1:5153-5158. 
36. National Department of Health. National Influenza Policy and Strategic Plan, 2017-2021. In. Pretoria: 
National Department of Health; 2017. pp. 1-17. 
37. National Institute for Communicable Diseases. Healthcare workers handbook on influenza. In; 2016. 
38. Walaza S, Cohen C. Recommendations pertaining to the use of influenza vaccines and influenza 
antiviral drugs, 2016. 5 Afr Med J 2016; 106(3):251-253. 
39. UNAIDS. Global AIDS update 2017. In; 2017. pp. 1-198. 
40. UNAIDS. Global AIDS Update 2016. In; 2016. pp. 1-16. 
41. National Department of Health. The National Antenatal Sentinel HIV and syphyilis Prevalence Survey in 

South Africa, 2010. In; 2011. 
42. Statistics South Africa. Mortality and causes of death in South Africa, 2013: Findings from death 
notification. In: Statistics South Africa; 2013. 
43. Statistics South Africa. Mid-year poppulation estimates. In; 2016. 

52 



44. UNAIDS. AIDS info. In; 2016. 
45. Johnson L, . Access to antiretroviral treatment in South Africa,2004-2011. The Southern African Journal 
of HIV Medicine 2012; 13(1):22-27. 
46. Barron P, Pillay Y, Doherty T, Sherman G, Jackson D, Bhardwaj S, et al. Eliminating mother-to-child HIV 
transmission in South Africa. Bulletin of the World Health Organization 2013; 91(1):70-74. 
47. Getahun H, Gunneberg C, Granich R, Nunn P. HIV infection-associated tuberculosis: the epidemiology 
and the response. Clin Infect Dis 2010; 50 Suppl 3:S201-S207. 
48. World Health Organization. Global tuberculosis report 2013. In; 2013. 
49. Madhi SA, Ramasamy N, Bessellar TG, Saloojee H, Klugman KP. lower respiratory tract infections 
associated with influenza A and B viruses in an area with a high prevalence of pediatric human 
immunodeficiency type 1 infection. PediatrlnfectDisJ 2002; 21(4):291-297. 
SO. Lin JC, Nichol KL. Excess mortality due to pneumonia or influenza during influenza seasons among 
persons with acquired immunodeficiency syndrome. Arch Intern Med 2001; 161(3):441-446. 
51. Mad hi SA, Schoub B, Simmank K, Blackburn N, Klugman KP. Increased burden of respiratory viral 
associated severe lower respiratory tract infections in children infected with human immunodeficiency 
virus type-1. J Pediatr 2000; 137(1):78-84. 
52. Cohen C, Moyes J, Tempia S, Groom M, Walaza S, Pretorius M, et al. Severe influenza-associated 
respiratory infection in high HIV prevalence setting, South Africa, 2009-2011. EmerglnfectDis 2013; 
19(11):1766-1774. 
53. MMWR Morb Mortality. HIV Surveillance-United States, 1981-2008. In: Morbidity and Mortality Weekly 
Report {MMWR): Centre for Disease Control and Prevention (CDC); 2011. pp. 689-693. 
54. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, Anderson LJ, et al. Mortality associated with 
influenza and respiratory syncytial virus in the United States. JAMA 2003; 289(2):179-186. 
55. Wong CM, Chan KP, Hedley AJ, Peiris JS. Influenza-associated mortality in Hong Kong. ClinlnfectDis 2004; 
39(11):1611-1617. 
56. Simonsen L. The global impact of influenza on morbidity and mortality. Vaccine 1999; 17 Suppl 1:S3-10. 
57. Chow A, Ma S, Ling AE, Chew SK. Influenza-associated deaths in tropical Singapore. EmerglnfectDis 
2006; 12(1):114-121. 
58. Nunes B, Viboud C, Machado A, Ringholz C, Rebelo-de-Andrade H, Nogueira P, et al. Excess mortality 
associated with influenza epidemics in Portugal, 1980 to 2004. PloS One 2011; 6(6):e20661. 
59. Pearl R. Preliminary Note on the Incidence of Epidemic Influenza Among the Actively Tuberculous. 
Publications of the American Statistical Association 1919; 16(128):536-540. 
60. Dijkman JH. The influence of viral infections of the respiratory passages on the course of primary 
pulmonary and hilar tuberculosis in children. Selected Papers of the Royal Netherlands Tuberculosis 
Association 1967; 10:5-20. 
61. Noymer A, Garenne M. The 1918 influenza epidemic's effects on sex differentials in mortality in the 
United States. Popul Dev Rev 2000; 26(3):565-581. 
62. Oei W, Nishiura H. The relationship between tuberculosis and influenza death during the influenza 
(HlNl) pandemic from 1918-19. Computational and mathematical methods in medicine 2012; 2012:124861. 
63. Housworth J, Langmuir AD. Excess mortality from epidemic influenza, 1957-1966. American journal of 
epidemiology 1974; 100(1):40-48. 
64. Noymer A. The 1918 influenza pandemic hastened the decline of tuberculosis in the United States: an 
age, period, cohort analysis. Vaccine 2011; 29 Suppl 2:B38-41. 
65. Noymer A. The 1918 influenza pandemic hastened the decline of tuberculosis in the United States: an 
age, period, cohort analysis. Vaccine 2011; 29 Suppl 2:B38-B41. 
66. Archer B, Cohen C, Naidoo D, Thomas J, Makunga C, Blumberg L, et al. Interim report on pandemic HlNl 
influenza virus infections in South Africa, April to October 2009: epidemiology and factors associated with 
fatal cases. EuroSurvei/12009; 14(42). 
67. Puvanalingam A, Rajendiran C, Sivasubramanian K, Ragunanthanan S, Suresh S, Gopalakrishnan S. Case 
series study of the clinical profile of HlNl swine flu influenza. Journal of the Association of Physicians of 
India 2011; 59:14-16, 18. 

53 



68. Noh JV, Lee J, Choi WS, Song JV, Seo YB, Kim IS, et al. Concurrent tuberculosis and influenza, South 

Korea. Emerg Infect Dis 2013; 19(1):165-167. 
69. Florido M, Grima MA, Gillis CM, Xia Y, Turner SJ, Triccas JA, et al. Influenza A Virus Infection Impairs 
Mycobacteria-Specific T Cell Responses and Mycobacterial Clearance in the Lung during Pulmonary 
Coinfection. J lmmunol 2013; 191(1):302-311. 
70. Volkert M, Pierce C, Horsfall FL, Dubos RJ. The enhancing effect of concurrent infection with 
pneumotropic viruses on pulmonary tuberculosis in mice. JExpMed 1947; 86(3):203-214. 
71. Bernard E, Kreis B, Le Quang S. The Influence of Influenza on Tuberculosis. Bull Acad Nat Med 1962; 

146(7 /8):139-145. 
72. Shimazaki T, Taniguchi T, Saludar NRD, Gustilo LM, Kato T, Furumoto A, et al. Bacterial co-infection and 

early mortality among pulmonary tuberculosis patients in Manila, The Philippines. The International 
Journal of Tuberculosis and Lung Disease 2018; 22(1):65-72. 
73. Klein EV, Monteforte B, Gupta A, Jiang W, May L, Hsieh Y-H, et al. The frequency of influenza and 
bacterial coinfection: a systematic review and meta-analysis. Influenza and other respiratory viruses 2016; 
10(5):394-403. 
74. Brundage JF. Cases and deaths during influenza pandemics in the United States. AmJ PrevMed 2006; 
31(3):252-256. 
75. Morens OM, Taubenberger JK, Fauci AS. Predominant role of bacterial pneumonia as a cause of death in 

pandemic influenza: implications for pandemic influenza preparedness. The Journal of infectious diseases 
2008; 198(7):962-970. 

76. Schleicher GK, Feldman C. Dual infection with Streptococcus pneumoniae and Mycobacterium 
tuberculosis in HIV-seropositive patients with community acquired pneumonia. The International Journal 
of Tuberculosis and Lung Disease 2003; 7(12):1207-1208. 
77. Madhi SA, Klugman KP, The Vaccine Trialist G. A role for Streptococcus pneumoniae in virus-associated 
pneumonia. Nature Medicine 2004; 10:811. 
78. Moore DP, Klugman KP, Mad hi SA. Role of Streptococcus pneumoniae in hospitalization for acute 
community-acquired pneumonia associated with culture-confirmed Mycobacterium tuberculosis in 
children: a pneumococcal conjugate vaccine probe study. The Pediatric infectious disease journal 2010; 
29(12):1099-1004. 
79. Speshock JL, Doyon-Reale N, Ra bah R, Neely MN, Roberts PC. Filamentous influenza A virus infection 

predisposes mice to fatal septicemia following superinfection with Streptococcus pneumoniae serotype 3. 
lnfectlmmun 2007; 75(6):3102-3111. 
80. Shahangian A, Chow EK, Tian X, Kang JR, Ghaffari A, Liu SY, et al. Type I IFNs mediate development of 
postinfluenza bacterial pneumonia in mice. J Clin Invest 2009; 119(7):1910-1920. 
81. Small CL, Shaler CR, McCormick S, Jeyanathan M, Damjanovic D, Brown EG, et al. Influenza infection 
leads to increased susceptibility to subsequent bacterial superinfection by impairing NK cell responses in 

the lung. Jlmmunol 2010; 184(4):2048-2056. 
82. Jamieson AM, Yu S, Annicelli CH, Medzhitov R. Influenza virus-induced glucocorticoids compromise 
innate host defense against a secondary bacterial infection. Cell Host Microbe 2010; 7(2):103-114. 
83. Jiang TJ, Zhang JV, Li WG, Xie YX, Zhang XW, Wang Y, et al. Preferential loss of Th17 cells is associated 
with CD4 T cell activation in patients with 2009 pandemic HlNl swine-origin influenza A infection. 
Clinlmmunol 2010; 137(3):303-310. 
84. Cohen AL, McMorrow M, Walaza S, Cohen C, Tempia S, Alexander-Scott M, et al. Potential Impact of Co­
Infections and Co-Morbidities Prevalent in Africa on Influenza Severity and Frequency: A Systematic 
Review. PloS one 2015; 10(6):e0128580. 
85. Nair H, Simoes EA, Rudan I, Gessner BO, Azziz-Baumgartner E, Zhang JS, et al. Global and regional burden 
of hospital admissions for severe acute lower respiratory infections in young children in 2010: a systematic 

analysis. Lancet 2013. 
86. Public Health England. PHE guidance on use of antiviral agents for the treatment and prophyllaxis of 
seasonal influenza (2015-2016). In; 2015. 

54 



87. CDC. Prevention and Control of Seasonal Influenza with Vaccines: Recommendations of the Advisorv 
Committee on Immunization Practices - United States, 2013-2014. In; 2013. pp. 1-43. 
88. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta­

analyses: the PRISMA statement. BMJ 2009; 339:b2535. 
89. Noymer A. The 1918 influenza pandemic affected sex differentials in mortality: Comment on Sawchuk. 
AmJPhysAnthropol 2010; 143(4):499-500. 
90. Noymer A. Testing the influenza-tuberculosis selective mortality hypothesis with Union Army data. 
SocSciMed 2009; 68(9):1599-1608. 
91. Armstrong DB. INFLUENZA OBSERVATIONS IN FRAMINGHAM, MASSACHUSETTS. American Journal of 
Public Health (New York, NY: 1912) 1919; 9(12):960-965. 
92. GA Wells BS, D O'Connell, J Peterson, V Welch, M Losos, P Tugwell,. The Newcastle-Ottawa Scale (NOS) 
for assessing the quality of nonrandomised studies in meta-analyses. In. 
93. Pretorius MA, Mad hi SA, Cohen C, Naidoo D, Groome M, Moyes J, et al. Respiratory viral coinfections 

identified by a 10-plex real-time reverse-transcription polymerase chain reaction assay in patients 
hospitalized with severe acute respiratory illness--South Africa, 2009-2010. J Infect Dis 2012; 206 Suppl 

1:S159-S165. 
94. Centre for Disease Control and Prevention. CDC protocol of realtime RTPCR for influenza. In; 2009. 
95. Carvalho MG, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer LW, et al. Evaluation and 
improvement of real-time PCR assays targeting lytA, ply, and psaA genes for detection of pneumococcal 
DNA. JC/inMicrobiol 2007; 45(8):2460-2466. 
96. Davies PD. Comparison of international guidelines on the control and prevention of tuberculosis. 
Monaldi Arch Chest Dis 2001; 56(1):74-78. 
97. Department of Health Republic of South Africa. Guidelines for Good Practice in the Conduct of Clinical 

Trials with Human Participants in South Africa. In. 2nd ed; 2006. 
98. World Health Organization. WHO global technical consultation: global standards and tools for influenza 

surveillance. In; 2011. 
99. Statistics South Africa. Mortality and causes of death in South Africa, 2010: Findings from death 

notification. In; 2013. 
100. Statistics South Africa. South African Statistics, 2009. In; 2009. 
101. Actuarial Society of South Africa A. AIDS and Demographic model. In; 2013. 
102. National Department of Health. National Strategic Plan on HIV,STls and TB: 2012-2016. In; 2011. 
103. Hardelid P, Pebody R, Andrews N. Mortality caused by influenza and respiratory syncytial virus by age 
group in England and Wales 1999-2010. lnfluenzaOther RespiViruses 2013; 7(1):35-45. 
104. Goldstein E, Viboud C, Charu V, Lipsitch M. Improving the estimation of influenza-related mortality 
over a seasonal baseline. Epidemiology 2012; 23(6):829-838. 
105. Simonsen L, Blackwelder WC, Reichert TA, Miller MA. Estimating deaths due to influenza and 
respiratory syncytial virus. JAMA 2003; 289(19):2499-2500. 
106. Thompson WW, Weintraub E, Dhankhar P, Cheng PY, Brammer L, Meltzer Ml, et al. Estimates of US 
influenza-associated deaths made using four different methods. lnfluenzaOther RespirViruses 2009; 
3{1):37-49. 
107. Annabel Kanabus. HIV Statistics South Africa - Prevalence, province, antiretroviral treatment (ART). 

In: Information about Tuberculosis; 2016. 
108. Oei W, Nishiura H. The relationship between tuberculosis and influenza death during the influenza 
(H1N1) pandemic from 1918-19. Comput Math Methods Med 2012; 2012:124861. 
109. Archer B, Cohen C, Naidoo D, Thomas J, Makunga C, Blumberg L, et al. Interim report on pandemic 
H1N1 influenza virus infections in South Africa, April to October 2009: epidemiology and factors associated 
with fatal cases. Euro Surveill 2009; 14(42). 
110. Koegelenberg CFN, lrusen EM, Cooper R, Dia con AH, Taljaard JJ, Mowlana A, et al. High mortality from 
respiratory failure secondary to swine-origin influenza A (H1N1) in South Africa. QJM 2010; 103(5):319-

325. 

55 



111. Roth S, Whitehead S, Thamthitiwat S, Chittaganpitch M, Maloney SA, Baggett HC, et al. Concurrent 
influenza virus infection and tuberculosis in patients hospitalized with respiratory illness in Thailand. 
Influenza and other respiratory viruses 2013; 7(3):244-248. 
112. Ope MO, Katz MA, Aura B, Gikunju S, Njenga MK, Ng'ang'a Z, et al. Risk factors for hospitalized 
seasonal influenza in rural western Kenya. PLoS ONE 2011; 6(5):e20111. 
113. Ope MO, Katz MA, Aura B, Gikunju S, Njenga MK, Ng'ang'a Z, et al. Risk Factors for Hospitalized 

Seasonal Influenza in Rural Western Kenya. PLoSOne 2011; 6(5). 
114. De Paus RA, Van Crevel R, Van Beek R, Sahiratmadja E, Alisjahbana B, Marzuki S, et al. The influence of 
influenza virus infections on the development of tuberculosis. Tuberculosis 2013; 93(3):338-342. 
115. Espersen E. Epidemic of Influenza B among Green-landic Patients in a Danish Tuberculosis 

Sanatorium. Influenza and Pulmonary Tuberculosis. Acta Tuberculosea Scandinavica 1954; 29(2):125-139. 
116. Sellers Ml, Black JP, Froman S. An outbreak of Asian influenza in tuberculous patients. Dis Chest 1959; 
36:471-477. 
117. Florido M, Grima MA, Gillis CM, Xia Y, Turner SJ, Triccas JA, et al. Influenza A virus infection impairs 
mycobacteria-specific T cell responses and mycobacterial clearance in the lung during pulmonary 
coinfection. J lmmunol 2013; 191(1):302-311. 
118. Volkert M, Pierce C, Horsfall FL, Jr., Dubos RJ. The Enhancing Effect of Concurrent Infection with 
Pneumotropic Viruses on Pulmonary Tuberculosis in Mice. Journal of Experimental Medicine 1947; 
86(3 ):203-214. 
119. Redford PS, Mayer-Barber KD, McNab FW, Stavropoulos E, Wack A, Sher A, et al. Influenza A Virus 

Impairs Control of Mycobacterium tuberculosis Coinfection Through a Type I Interferon Receptor­
Dependent Pathway. Journal of Infectious Diseases 2014; 209(2):270-274. 
120. Massanari RM. Suppression of tuberculin hypersensitivity during influenza infection in mice. Infection 
and immunity 1979; 24(2):501-507. 
121. Co DO, Hogan LH, Karman J, Heninger E, Vang S, Wells K, et al. Interactions between T cells responding 
to concurrent mycobacterial and influenza infections. Journal of immunology 2006; 177(12):8456-8465. 
122. Cohen C, Moyes J, Tempia S, Groome M, Walaza S, Pretorius MA, et al. Severe influenza-associated 
lower respiratory tract infection in a high HIV-prevalence setting-South Africa, 2009-2011. Lancet lnfectDis 
2013. 
123. Liam C-K, Pang Y-K, Poosparajah S. Pulmonary tuberculosis presenting as community-acquired 

pneumonia. Respirology 2006; 11(6):786-792. 
124. Nantongo JM, Wobudeya E, Mupere E, Joloba M, Ssengooba W, Kisembo HN, et al. High incidence of 

pulmonary tuberculosis in children admitted with severe pneumonia in Uganda. BMCPediatr 2013; 
13(1):16. 
125. Zar HJ, Hanslo D, Tannenbaum E, Klein M, Argent A, Eley B, et al. Aetiology and outcome of pneumonia 
in human immunodeficiency virus-infected children hospitalized in South Africa. Acta paediatrica {Oslo, 
Norway: 1992) 2001; 90(2):119-125. 
126. Scott JA, Hall AJ, Muyodi C, Lowe B, Ross M, Chohan B, et al. Aetiology, outcome, and risk factors for 
mortality among adults with acute pneumonia in Kenya. Lancet 2000; 355(9211):1225-1230. 
127. Omar T, Variava E, Moroe E, Billioux A, Chaisson RE, Lebina L, et al. Undiagnosed TB in adults dying at 
home from natural causes in a high TB burden setting: a post-mortem study. The international journal of 
tuberculosis and lung disease : the official journal of the International Union against Tuberculosis and Lung 
Disease 2015; 19(11):1320-1325. 
128. Cohen T, Murray M, Wallengren K, Alvarenz G, Samuel E, Wilson D. The Prevalence and Drug Sensitivity 
of Tuberculosis among Patients Dying in Hospital in KwaZulu-Natal,South Africa:A Postmortem Study. PLos 
Med 2010; 7(6). 
129. Nyamande K, Lalloo UG, John M. TB presenting as community-acquired pneumonia in a setting of high 

TB incidence and high HIV prevalence. Int J Tuberc Lung Dis 2007; 11(12):1308-1313. 
130. Wong EB, Omar T, Setlhako GJ, Osih R, Feldman C, Murdoch DM, et al. Causes of death on 
antiretroviral therapy: a post-mortem study from South Africa. PLoSOne 2012; 7{10):e47542. 

56 



131. Elliott AM, Namaambo K, Allen BW, Luo N, Hayes RJ, Pobee JO, et al. Negative sputum smear results in 
HIV-positive patients with pulmonary tuberculosis in Lusaka, Zambia. Tuber Lung Dis 1993; 74(3):191-194. 
132. Getahun H, Harrington M, O'Brien R, Nunn P. Diagnosis of smear-negative pulmonary tuberculosis in 
people with HIV infection or AIDS in resource-constrained settings: informing urgent policy changes. 
Lancet 2007; 369(9578):2042-2049. 
133. Brindle RJ, Nunn PP, Githui W, Allen BW, Gathua S, Waiyaki P. Quantitative bacillary response to 
treatment in HIV-associated pulmonary tuberculosis. The American review of respiratory disease 1993; 
147(4):958-961. 
134. Walaza S, Cohen C. Recommendations pertaining to the use of influenza vaccines and influenza 
antiviral drugs: Influenza 2015. 2015. 
135. Zurcher K, Zwahlen M, Ballif M, Rieder HL, Egger M, Fenner L. Influenza Pandemics and Tuberculosis 
Mortality in 1889 and 1918: Analysis of Historical Data from Switzerland. 2016; 11(10):e0162575. 
136. Noymer A, Garenne M. The 1918 influenza epidemic's effects on sex differentials in mortality in the 
United States. Popu/DevRev 2000; 26(3):565-581. 
137. Bradshaw BS, Smith DW, Blanchard S. A cohort study of tuberculosis and influenza mortality in the 
twentieth century. Biodemography Soc Biol 2008; 54(1):74-94. 
138. Groenewald P, Bradshaw D, Dorrington R, Bourne D, Laubscher R, Nannan N. Identifying deaths from 
AIDS in South Africa: an update. AIDS 2005; 19(7):744-745. 
139. Brundage JF. Interactions between influenza and bacterial respiratory pathogens: implications for 
pandemic preparedness. Lancet lnfectDis 2006; 6(5):303-312. 
140. Nanoo A, lzu A, Ismail NA, lhekweazu C, Abubakar I, Mametja D, et al. Nationwide and regional 
incidence of microbiologically confirmed pulmonary tuberculosis in South Africa, 2004-12: a time series 
analysis. The Lancet Infectious diseases 2015. 

57 



7. APPENDICES 

Appendix A- Role of the student 

Appendix B- Ethical Clearance 

Appendix C- Copies of manuscripts making up PhD 

Paper I 

Paper II 

Paper III 

Paper IV 

Paper V 

58 



APPENDIX A: ROLE OF STUDENT 

Roles perfonned by the student in the different papers making up the PHD 

Sibongile Walaza, student number 846084/2, had the following roles in the studies and writing 

of the papers forming part of her thesis entitled: "Interaction between influenza and 

tubercu]osis in South Africa, a country with high prevalence of tuberculosis and HIV" 

Paper I and Paper V 

Paper I: Sibongile WaJaza, Cheryl Cohen, Stefano Tempia, Jocelyn Moyes, Athennon 

Nguweneza, Shabir Madhi; Meredith McMorrow, Adam L. Cohen. Influenza and 

tuberculosis co-infection: a systematic review. Full draft 

Paper V: Sibongile Walaza, Cheryl Cohen, Ananta Nanoo, Adam L. Cohen, Jo McAnerney, 

Claire von Mollendorf, Jocelyn Moyes, Stefano Tempia. Excess mortality associated with 

influenza among tuberculosis deaths in South Africa, 1999-2009. PlosOne. DOI 10. 

1371/joumal.pone 0129173 

Role of student: Conceived the studies, obtained data, conducted the analyses, drafted and 

revised the drafts of the manuscripts. 

Paper II-IV 

Paper II: Sibongile Walaza· Stefano Tempia, Andries Dreyer, Halima Dawood· Ebrahim 

Variava, Neil A Martinson MD, Jocelyn Moyes, Adam L. Cohen' Nicole Wolter, Claire von 

Mollendorf, Anne von Gottberg, Sumayya Haffejee, Florette Treurnicht, Orienka Hellferscee, 

Nazir Ismail, Cheryl Cohen. The burden and clinical presentation of pulmonary 

tuberculosis in adults with severe respiratory illness in a high HIV prevalence setting, 

2012-2014. Open Forum Infectious Diseases, Volume 4,lssues 3, 1 July 2017,ofxl 16, 

https:/!doi.org/10.1093/ofid!ofx 116 

Paper III: Sibongile Walaza, Stefano Tempia, Halima Dawood, Ebrahim Variava, Jocelyn 

Moyes, Adam L Cohen, Nicole Wolter, Michelle Groome, Claire von Mollendorf, Kathleen 

Kahn, Marthi Pretorius, Marietjie Venter, Shabir A. Madhi, Cheryl Cohen. Influenza virus 

infection is associated with increased risk of death amongst patients hospitalized with 

confirmed pulmonary tuberculosis in South Africa, 2010-2011. BMC Infectious Diseases 

(2015) 15.26; DOI: 10.1186/sl2879-015-0746-x 



Paper IV: Sibongile Walaza, Stefano Tempia, Halima Dawood, Ebrahim Variava, Neil A 

Martinson, Jocelyn Moyes, Meredith McMorrow, Nicole Wolter, Andries Dreyer, Claire von 

Mollendorf, Anne von Gottberg, Sumayya Haffejee, Florette Treumicht, Orienka Hellferscee, 

Shabir Madhi, Nazir Ismail, Cheryl Cohen. Interaction of influenza and tuberculosis on 

mortality among individuals aged ~ 15 years hospitalised with severe respiratory illness 

in South Africa, 2010...2016- Full draft undergoing CDC clearance 

Role of student: Conceived the studies, data collection, collation and cleaning, conducted the 

analyses, drafted and revised the drafts of the manuscripts. In addition to the above, the student 

was responsible for overal1 management of all aspects of the surveillance programme from 

which the data were derived. Compiled the addendum and amended the existing severe acute 

respiratory illness (SARI) surveillance protocol for the collection of the data relevant to these 

studies. This included, primarily, the expansion of the study population to includ.e patients with 

chronic respiratory illness and suspected tuberculosis as well as the introduction of systematic 

testing for tuberculosis. The student was also responsible for the set-up of a new surveillance 

site, the recruitment and management of staff, the.design of the data collection tools, and the 

implementation of the protocol. 

All co-authors have been informed that the papers are to be used in PhD thesis and agree on 

their use within the thesis. 

Student: Sibongile Walaza: 



APPENDIX B: ETHICAL CLEARANCE 



R14/49 Dr Sibongile Walaza et al 

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL} 

CLEARANCE CERTIFICATE NO. M140827 

NAME: Dr Sibongile Walaza et al 
(Princieal Investigator) 

DEPARTMENT: School of Public Health 
Edendale Hospital, Klerksdorp-Tshepong Hospital Complex, 
Chris Hani Baragwanath Academic Hospital, 
Maputaneng and Matikwana Hospital 

PROJECT TITLE: Interaction between Influenza and Tuberculosis 
in South Africa, A Country with High Prevalence 
of Tuberculosis and HlV 

DATE CONSIDERED: 29/08/2014 

DECISION: Approved unconditionally 

CONDITIONS: 
SUPERVISOR: Dr Cheryl Cohen and Dr Stefano Tempia 

APPROVED BY: UA.<-
erson, HREC (Medical) 

DATE OF APPROVAL: 04/02/2015 
This clearance certificate is valid for 5 years from date of approval. Extension may be applied for. 

DECLARATION OF INVESTIGATORS 

To be completed in duplicate and ONE COPY returned to the Secretary in Room 10004, 10th floor, 
Senate House, University. 
I/we fully understand the conditions under which I am/we are authorized to carry out the above-mentioned 
research and I/we undertake to ensure compliance with these conditions. Should any departure be 
contemplated, from the research protocol as approved, I/we undertake to resubmit the 
applica · ·t, ommittee. I agree to submit a yearly progress report. 

Date 
0 G/02/ l£lt 5". 

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES 



PAPER I 



Influenza and tuberculosis co-infection: a systematic review 

Authors: Sibongile Walaza1,2, Cheryl Cohen1,2, Stefano Tempia3,4, Jocelyn Moyes1,2 Athermon 

Nguweneza1, Shabir A. Madhi1,6,7; Meredith McMorrow3,4,5, Adam L. Cohen8 

Affiliations 

1. Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of 

the National Health Laboratory Service, Johannesburg, South Africa 

2. School of Public Health, Faculty of Health Sciences, University of the Witwatersrand, 

Johannesburg, South Africa 

3. Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

of America 

4. Influenza Program, Centers for Disease Control and Prevention, Pretoria, South Africa 

5. U.S. Public Health Service, Rockville, Maryland, United States of America 

6. Medical Research Council, Respiratory and Meningeal Pathogens Research Unit, University of 

the Witwatersrand, Johannesburg, South Africa 

7. Department of Science and Technology/National Research Foundation: Vaccine Preventable 

Diseases, University of the Witwatersrand, Johannesburg, South Africa 

8. Strategic Information Group, Expanded Programme on Immunization Department of 

Immunization, Vaccines and Biologicals World Health Organization 

Key words: Tuberculosis, influenza, interaction 

Corresponding author 

1 



Sibongile Walaza, Centre for Respiratory Diseases and Meningitis, National Institute for 

Communicable Diseases, Private Bag X4, Sandringham, 2131, Gauteng, South Africa. Email: 

sibongilew@nicd.ac.za 

Alternate corresponding author 

Cheryl Cohen, Centre for Respiratory Diseases and Meningitis, National Institute for Communicable 

Diseases, Private Bag X4, Sandringham, 2131, Gauteng, South Africa. E-mail: cherylc@nicd.ac.za 

Key Words: Tuberculosis, HIV, severe respiratory illness, South Africa 

Word Count: 

Abstract: 367 

Main text: 3 962 

Tables: 3 

Figures:1 

2 



Abstract 

Introduction 

Understanding the interaction between tuberculosis and influenza could help inform whether individuals 

with tuberculosis should be prioritized for seasonal and pandemic influenza vaccination. 

Methods 

We conducted a systematic review of published scientific literature from January 1900 to February 2015 

to evaluate the prevalence, presentation and outcome of influenza-tuberculosis co-infection. Medline, 

Embase, PsycINFO, CINAHL, Web of Science, Cochrane, CAB Abstracts and Global Health online 

were searched. Published abstracts and articles that reported on prevalence, disease association, 

presentation and severity of laboratory-confirmed influenza and clinically diagnosed or laboratory­

confirmed tuberculosis co-infection were included. 

Results 

We assessed 3739 abstracts, reviewed 122 manuscripts and included 16. Of the 16, 10 reported data from 

human studies and six were animal experimental studies. Six of the 10 human studies were more recent, 

included data from 2009 or later, and were from high tuberculosis burden countries (HBCs) that account 

for-80% of the world's tuberculosis cases, and two were of high quality. Of the six studies that reported 

on the possible effect of tuberculosis in patients with influenza, three analytical studies reported no 

association with severe disease among patients with influenza-tuberculosis co infection; of the three 

descriptive studies, all of which included data from the 2009 influenza pandemic, two reported a high 

prevalence of tuberculosis among patients with severe influenza disease or influenza-associated 

hospitalization. Of the five papers reporting on the possible effect of influenza in individuals with 
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tuberculosis, an association between influenza and severe tuberculosis disease was found in one of three 

analytical studies; of the__other two studies, both reported a high frequency of tuberculosis disease 

progression and complications among patients with tuberculosis and seasonal influenza coinfection. In 

murine models, five studies reported either an increased severity of illness among Mycobacterium 

tuberculosis-infected mice challenged with influenza viruses or temporary suppression of tuberculin 

hypersensitivity after influenza infection. 

Conclusion 

Although experimental animal studies suggested that influenza infection increased severity of disease in 

mice with underlying tuberculosis infection, most analytical studies did not demonstrate a negative 

impact of co-infection on clinical presentation and outcome. However, descriptive studies suggested 

increased frequency of influenza-tuberculosis co infection in patients with severe influenza- or 

tuberculosis-associated disease. Data are limited from large high quality analytical epidemiological 

studies with laboratory-confirmed influenza and tuberculosis. 
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Introduction 

Influenza virus infections cause substantial annual morbidity and mortality in humans worldwide [1-3]. 

Globally, it is estimated that annual influenza epidemics result in three to five million cases of severe 

illness, and between 250,000-500,000 deaths [4]. In 2015, there were an estimated 10.4 million incident 

cases of tuberculosis and 1.8 million tuberculosis deaths globally[5]. Despite the availability of effective 

treatment, in 2015 tuberculosis was the most common cause of infectious disease-related deaths 

worldwide, with the majority of cases reported in Asia and Africa[ 5]. 

Both influenza and tuberculosis impair host immune responses. Specifically influenza can impair T cell 

immunity and weaken innate immune responses against secondary bacterial infections [6-11]. Lethal 

synergism associated with viral and bacterial infections can result in increased risk of influenza­

associated mortality [12]. Furthermore, patients with tuberculosis, a chronic lung disease, may be at 

increased risk for severe influenza disease and death. Ecological studies and mathematical modelling of 

epidemiologic data suggest an increase in the frequency of influenza disease or severe influenza­

associated disease in individuals with tuberculosis during influenza pandemics as compared to 

individuals without tuberculosis"'" [13-16]. 

Influenza infection may facilitate the progression of latent Mycobacterium tuberculosis infection to 

tuberculosis disease and alter the clinical presentation of tuberculosis [17]. 

While chronic lung diseases are a known risk factor for severe outcomes due to influenza infection and 

influenza vaccination is recommended in this group, tuberculosis is not listed as a separate group and 

may not be prioritised. In countries with a high burden of tuberculosis and limited resources, individuals 
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with tuberculosis maybe an important group to target and prioritise for influenza vaccination, and 

tuberculosis management guidelines could be amended to include influenza vaccination before and 

during the influenza season. Understanding the interaction between influenza and tuberculosis may assist 

in determining whether individuals with tuberculosis should be prioritised for influenza vaccination and 

treatment with antiviral medications. We conducted a systematic review of published literature on the 

association between laboratory-confirmed influenza and tuberculosis- i.e. influenza in individuals with 

tuberculosis and tuberculosis in individuals with influenza. 

Methods 

Search Strategy and study selection criteria 

We conducted a systematic review of the scientific literature identified through searches using online 

databases. For our search we included terms for influenza ("influenza" or "flu") 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 differed slightly by database. 

In addition, bibliographies of papers that were reviewed were checked for further relevant publications. 

This review was restricted to published abstracts and articles from Januaryl900 to February 2015 that 

reported data on the association (burden of disease, transmission and severity) between laboratory­

confirmed influenza and clinically diagnosed or laboratory-confirmed tuberculosis. Due to the scarcity of 

published data, descriptive studies, including studies without comparison groups were included. Articles 

that included seasonal or pandemic influenza and animal experimental studies were also included. The 

search was restricted to articles published in English, French, Italian, German, Russian, Finish, Japanese 

or Portuguese. Articles in languages other than English were screened if the title or the abstract was 

relevant to the search. We followed the Preferred Reporting Items for Systematic Reviews and Meta­

Analyses (PRISMA) guidelines in reporting results [18]. 
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Inclusion and exclusion process 

Literature search results (titles and abstracts) were screened independently by two authors (SW and one 

of the co-authors-CC, AN, JM, ALC or MM) to identify all citations that possibly met the inclusion 

criteria. Full manuscripts of selected citations were retrieved and assessed by one reviewer (SW) against 

the inclusion/exclusion 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 between the two 

reviewers with involvement of a third reviewer (CC) where necessary. Animal experimental studies, 

observational and analytic studies in humans were included. Studies that reported data on the association 

between laboratory-confirmed influenza and clinically diagnosed or laboratory-confirmed tuberculosis 

including the following were included: 

• Prevalence and risk for influenza-associated severe disease among patients with tuberculosis 

disease; 

• Prevalence and risk for tuberculosis-associated severe disease among patients with influenza 

infection; 

• Effect of influenza on tuberculosis disease progression 

• Clinical presentation of influenza and tuberculosis co-infection; and 

• Immune response to co-infection, presentation or outcome of influenza-tuberculosis coinfection in 

animal studies. 

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. 

Data extraction and synthesis 
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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 [19]. Studies were considered high quality if the Newcastle-Ottawa Scale was ?::..7 out of 

9 and were considered oflow 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 in more recent studies the studies were 

classified according to whether they fall among the 22 high tuberculosis burden countries (HBCs) that 

account for ~80% of world's tuberculosis cases [3]. No review protocol was registered. 

Ethics 

Since this study used published data, it was exempt from human subjects ethics review. 

Results 

The search identified 4321 records; 582 of these were duplicates and were removed. Seven additional 

records were identified through other sources (Figure 1 ). The remaining 3739 titles and abstracts were 

screened. Of these, 122 articles were identified for full review, and 16 articles met the inclusion criteria. 

Of these, ten were in humans and six were animal experimental studies. 

Human studies 

Of the 10 human studies, seven used real time reverse transcription polymerase chain reaction (RT-PCR) 

and three used serology to test for influenza infection. Five of the human studies were analytical[20-24]. 

Six studies had laboratory-confirmed results for both influenza and tuberculosis (Tables 1 and 2): six 

studies were from HBC countries including three from Africa. In addition, three studies from Europe 

reported data from a period with high tuberculosis prevalence. Two of the five analytical studies were of 

high quality based on the Newcastle-Ottawa Scale ?..7. The human studies included numbers ranging 
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from 19-7180 individuals. Five studies reported on tuberculosis infection in individuals with influenza 

[21, 22, 25-27], four on influenza in individuals with tuberculosis [20, 24, 28, 29] and one on both [23] 

(Tables 1 and 2). 

The effect of tuberculosis in patients with influenza 

Of the six studies that reported on tuberculosis in individuals with influenza, five were from HBCs (Table 

1) [21-23, 25, 27] and three were analytical studies[21-23]. 

Descriptive studies 

Three descriptive studies from HBC using data from the 2009 influenza pandemic reported data on 

tuberculosis in individuals with influenza. Two of.these studies reported a high frequency of tuberculosis 

in cases with influenza or among influenza deaths. However, no inferences could be made on the 

significance of the association as there were no comparison groups or data was not statistically evaluated 

[25, 27]. In a report of individuals that died with influenza A (H1Nl)pdm09 virus infection in South 

Africa, active tuberculosis was identified in seven (10%) of the 72 deaths, a prevalence higher than that in 

the general population (1 %) in 2006 [25]. Similarly, in a hospital-based case series of patients positive for 

influenza A(H1Nl)pdm09 virus in India, 9% of influenza cases had tuberculosis compared to 0.4% 

tuberculosis prevalence in general population (p<0.001) [27]. In a case series of patients infected with 

influenza A(H 1 N 1 )pdm09 virus in South Korea less than 1 % (7 /12196) had newly diagnosed tuberculosis 

and there were no deaths among the co-infected (0/7) [26]. 

Analytical Studies 

The three analytical studies from HBC, one of high quality, reported no association with severe disease 

among patients with influenza-tuberculosis coinfection [21-23]. A case control study from Kenya 

reported that 6% of hospitalised cases with influenza-associated severe acute respiratory illness had 

tuberculosis compared to < l % of neighbourhood-matched controls (unadjusted OR 12.0, 95% CI 1.3-

107.37); however, active tuberculosis was not associated with influenza hospitalization on multivariable 
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analysis [22]. Less than 1 % (23/7180) of patients hospitalised for acute respiratory illness and enrolled in 

a study from Thailand were co-infected with influenza virus and tuberculosis. There were no deaths 

among the 23 cases with co-infection whereas 17 (2.8%), died among the influenza only cases, p=0. l 

[23]. In a review of 19 cases with laboratory-confirmed influenza A(H1Nl)pdm09 virus infection with 

respiratory failure admitted to an intensive care facility in South Africa, 21 % ( 4) had a history of 

tuberculosis (2 had active tuberculosis and 2 had a history of previous pulmonary tuberculosis). 

Tuberculosis was present in 4/13 who died vs 0/6 who survived p=0.5 [21]. 

The effect of influenza in patients with tuberculosis 

Of the five papers that reported data on influenza in patients with tuberculosis [20, 23, 24, 28, 29](Table 

2), two were from tuberculosis HBCs and the other three were from Europe in a period with high 

tuberculosis prevalence [23, 24]. Two of these papers were reported by the authors as analytical 

studies[23, 24], and a third[20] had data suitable for analysis. 

Descriptive studies 

Two descriptive studies reporting on influenza in cases with tuberculosis used data from tuberculosis 

sanatoria. Of these, one study using data from seasonal influenza, reported on disease progression and 

complications in patients with coinfection, however, this was not statistically evaluated[28]. This study 

from The Netherlands in 1967 among children admitted in a tuberculosis sanatorium with primary 

tuberculosis of the lungs and hilar lymph nodes reported a high frequency of developing secondary 

segmental pulmonary lesions, suggesting progression of tuberculosis following influenza virus infection 

defined as greater than fourfold rise in anti-influenza virus antibody titres [28]. One study, using data 

from the 1957 pandemic, described the effect of superimposed viral infection on existing tuberculosis 

following an outbreak of influenza A virus in a tuberculosis sanatorium in the United States. It reported 
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that only two of 31 cases with influenza co-infection had evidence of worsening of tuberculosis on chest 

radiograph [29]. (Table 2). 

Analytical studies 

In a case series during an influenza B epidemic in a Danish tuberculosis sanatorium, 13% (7/53) of 

individuals coinfected with influenza virus compared to 2% (3/142) of individuals with tuberculosis only 

developed tuberculosis complications which included radiological changes or sputum conversion back to 

being positive (p=0.005) [20]. A case control study from Indonesia investigating the putative association 

between tuberculosis and influenza virus infection reported no association between the development of 

clinically active tuberculosis, through reactivation of latent tuberculosis or directly after exposure to 

Mycobacterium tuberculosis, and influenza virus infection as measured by serology in cases with newly 

diagnosed tuberculosis and community controls. The proportion of individuals with influenza virus 

antibody titres 2:10 against influenza A(H3N2) and A(HlNl) viruses in patients with tuberculosis were 

similar to matched community controls; however, the antibody titre levels for influenza A(H3N2) virus at 

time of tuberculosis diagnosis were significantly higher (1.7 times higher, p=0.002) in cases with 

tuberculosis compared to controls. In addition, the difference in titres between cases with advanced 

tuberculosis on chest x-ray and their controls was significantly higher than in cases with mild to moderate 

tuberculosis and their controls [24]. Among 23 pati~nts with concurrent tuberculosis and influenza 

infection from Thailand, none died, compared to 30 (4.7%) deaths among the individuals with only 

tuberculosis; however, this was not statistically significant, p=0.62 [23]. 

Summary of quality of human studies 

Of the five analytical studies, two were high quality studies as assessed by the New Castle Ottawa score 

and showed no association between coinfection and severe influenza disease [22] or correlation between 

influenza infection and tuberculosis [24]. Studies about tuberculosis and influenza virus co-infection were 
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mostly descriptive case series, mostly included univariable analysis, and the causal relationship could not 

be demonstrated. Some of the studies used clinical criteria for tuberculosis cases; however, the specifics 

of the criteria used were not always fully described. Among the studies that included laboratory­

confirmed tuberculosis, screening for tuberculosis was not done systematically. 

Summary of findings from experimental animal models 

In murine models, five studies suggested that influenza and tuberculosis co-infection affected 

tuberculosis and influenza disease presentation or outcome [17, 30-33], and one study showed no effect 

[34] (Table 3). 

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. 

Effect of influenza on tuberculosis 

Volkert et al., (194 7) showed that the course of experimental infection with tubercle bacillus in mice was 

worsened by simultaneous influenza infection (influenza A virus and tubercle bacilli challenge at week 0) 

and influenza infection superimposed on tuberculosis infection (influenza challenge 3 weeks after TB 

challenge). Co infection resulted in more extensive and rapid development of pulmonary tuberculosis 

lesions in mice than infection with tubercle bacillus only [17]. Florido, et al., (2013) reported that 

pulmonary Bacille Calmette-Guerine (BCG)-specific CD8 T cell responses were impaired in co-infected 

mice [32]. 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 ofBCG-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 to mice that had cleared TB. Concurrent infection 
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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 coinfected mice compared to the influenza only group) [32]. Redford et al., (2014) demonstrated 

that influenza A virus infection of mice 28 days before or during (on dayl or 14 days after) M 

tuberculosis infection enhanced susceptibility to tuberculosis and impaired mycobacterium control and 

decreased host survival [33]. Bernard et al., (1962) showed that in Mycobacterium tuberculosis infected 

mice, influenza virus challenge 1-5 weeks after Mycobacterium tuberculosis infection, compared with 

Mycobacterium tuberculosis only-infected mice, resulted in 50-75% shorter survival time and a higher 

case-fatality rate [30]. In addition, the effect of influenza virus on tuberculosis severity, measured by 

amount of tissue damage, increased with increasing time of tuberculosis infection prior to the influenza 

virus challenge. Five percent of the mice infected with influenza alone died compared to 100% of the 

mice infected with influenza and tuberculosis. 

Massanari ( 1972) showed that tuberculin hypersensitivity in mice was temporarily suppressed following 

intranasal influenza virus challenge; however, a normal response resumed after resolution of influenza 

virus infection. Tuberculin hypersensitivity, tested 4-6 weeks after tuberculosis infection, was temporarily 

suppressed from day 3 to day 16 post intranasal influenza virus challenge[31]. In contrast, in their mouse 

model, Co, et al., (2016) showed that influenza virus had little effect on mycobacterial load and did not 

affect dissemination of tuberculosis [34]. They showed that T cells responding to an acute influenza virus 

infection can modulate host responses to an on-going BCG infection. Though not statistically significant, 

acute infection with influenza virus in mice with chronic infection with M bovis BCG moderately 

increased the acid-fast bacilli load in the liver [34]. 

Effect of tuberculosis on influenza 

In the Bernard et al (I 962) study, 5% of the mice infected with influenza alone died compared to 100% of 

the mice infected with influenza and tuberculosis[30] (Table 3). 
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Discussion 

Our review of the published literature suggests that there are very few analytical studies exploring the 

interaction between laboratory-confirmed influenza virus infection and clinically diagnosed or laboratory­

confirmed tuberculosis. Experimental animal studies suggest an association, specifically that influenza­

tuberculosis co-infection in mice results in more severe disease than influenza only or tuberculosis only 

disease. Observational studies among humans showed mixed results. Most (4/5) of the analytical studies, 

two of which were of high quality, showed no association between co infection and progression of disease 

or severe outcomes. However, three of the descriptive studies, although not assessed for statistical 

significance reported either a high prevalence of coinfection in cases with severe disease[25, 27] or 

increased severe disease or progression of disease in co-infected individuals[28] . 

Of the five studies reporting on pandemic influenza only, two descriptive studies from HBCs, reported a 

high prevalence of tuberculosis in cases with severe influenza-associated disease[25, 27]. These studies 

were limited in that only univariate analyses were presented. 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 cytokines produced as part 

of the inflammatory response to infection with a pandemic virus have been reported to result in severe 

influenza-associated lung damage[35] .Previous studies have demonstrated a higher mortality due to 

pandemic influenza as compared to seasonal influenza [36-38]. High quality epidemiological studies are 

required to assess whether the severe disease and outcomes associated with influenza-tuberculosis co­

infection is driven by pandemic phenomena as this may have implications for recommendations and 

prevention strategies. However, even if the association between influenza and tuberculosis is less marked 

during seasonal influenza epidemics, targeting individuals with active tuberculosis for influenza 

vaccination and antiviral treatment in HBCs could still potentially prevent significant morbidity and 
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mortality and might also prevent further spread of tuberculosis if influenza increases coughing. In this 

review all the analytical studies were conducted from high burden countries. It is important to understand 

the background prevalence of tuberculosis where studies are conducted for better interpretation of the 

results. In countries with low tuberculosis burden, it is possible for studies not to identify increased 

prevalence of coinfection or pick up an association between coinfection and severe outcomes, purely 

because oflow numbers due to low tuberculosis prevalence in the community. In the analytical studies 

included in our review, lack of association maybe explained by the type of cases included in the studies 

e.g only including cases with acute presentation and not systematic testing for tuberculosis 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 l 950s, authors have suggested influenza vaccination among patients with tuberculosis during 

influenza epidemics [20]. Influenza vaccination is the most effective way to prevent influenza-associated 

disease. Influenza vaccine has been shown to generate antibody 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 [29]. Antiviral treatment for influenza has been 

shown to improve outcomes for patients with severe influenza-associated disease [39]. However, both 

vaccines and antiviral treatment have cost implications and are not easily accessible in low to middle 

income countries where the burden of tuberculosis and influenza is high [40]. Identifying tuberculosis 

patients as a risk group for severe influenza-associated disease may assist policy makers in making 

decisions about prioritising this group of patients for influenza vaccination and treatment with influenza 

antiviral treatment. More high quality epidemiological data from high tuberculosis burden settings are 

needed to address this question. In addition, more studies are needed to determine if seasonal or pandemic 

vaccines or influenza antivirals should be prioritised for tuberculosis patients and whether patients 

hospitalised with influenza-associated illness should be investigated for tuberculosis. 
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Although some descriptive studies inferred worsening of tuberculosis in co-infected individuals[28, 29], 

besides the methodological limitations of the studies, changes reported could have simply reflected a 

superimposed viral or bacterial infection in cases with underlying tuberculosis 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-associated disease. 

If cases with more advanced tuberculosis are more at risk of severe influenza disease, this might explain 

the lack of association in some of the studies which only included patients with an acute presentation [22, 

23]. A recent study from South Africa suggested that compared to individuals infected only with 

tuberculosis, individuals with influenza-tuberculosis co-infection had increased risk of death and this 

association was not observed in patients with a more acute presentation [ 41]. If indeed 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 prioritise for interventions, 

especially in countries where the tuberculosis burden is high and resources are limited. 

The mechanism by which influenza-tuberculosis co-infection leads to severe influenza-associated disease 

may be secondary to underlying lung damage caused by tuberculosis. It is possible that those who had 

severe outcomes from co-infection already had underlying lung damage from tuberculosis leading to 

reduced lung capacity to deal with a viral infection like influenza. Seki et al., (2007) suggested that 

underlying chronic lung diseases like tuberculosis may be an important factor in the increase in frequency 

of secondary bacterial pneumonia in persons with influenza, which in turn can lead to increased 

frequency of complications [ 42]. 
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There were a number of limitations to this systematic review. Many of the observational studies were 

descriptive, and due to the nature of these studies, an association could not be evaluated. The type of 

tuberculosis included differed among the studies, with some studies 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 it difficult to evaluate the 

evidence. There were differences in the population tuberculosis incidences where studies were conducted 

which could affect the power to detect an association. However, the majority of studies were from HBC 

or were conducted during the period when tuberculosis burden was high. 

Many studies did not adequately assess underlying conditions such as HIV and malnutrition. HIV 

infection is a risk factor for severe influenza disease as well as for tuberculosis and it is an important 

contributor to the overall burden of severe influenza in high HIV-prevalence settings [ 43, 44 ]. However, 

only a few papers reported data on HIV infection [22, 23]. In one study patients with co-infection of HIV 

and tuberculosis were at high risk of being hospitalized with influenza; however, the number of co­

infected individuals was low and the association was not statistically significant [22]. If the association 

with severe disease is higher in patients with underlying HIV infection, it may be difficult to differentiate 

the role played by the individual infection. Other conditions like malnutrition, which like tuberculosis are 

prevalent in HBC, were not evaluated in included articles, and may be confounders in the association 

between influenza and tuberculosis. The numbers of participants in most studies were small and this 

could have limited the ability to detect significant associations. Other important areas which were not 

addressed by the studies reviewed include whether influenza infection caused reactivation of latent 

tuberculosis or whether the acute viral infection facilitated 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. 

17 



Conclusion 

Although experimental animal studies suggest increased severity of disease with coinfection of influenza 

and tuberculosis, this was not found in most analytical studies on influenza and tuberculosis in humans. 

However, descriptive studies, although they could not evaluate for an association, reported an increased 

prevalence of coinfection among cases with severe disease. Data are limited from large epidemiological 

studies, studies with laboratory-confirmed influenza and tuberculosis, studies from high tuberculosis 

burden settings and studies that include data on HIV. In order to study the association between influenza 

and tuberculosis and make inferences about causal associations, more epidemiological studies are needed. 
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Table I: Summary of studies reporting on effect of tuberculosis in individuals with influenza 

Study Country Year Descriptive/ Objective/hypoth Setting Number Influenza Laboratory TB Findings Associa Newcast 
analytical esis studied type confirmed diagnosis tion* le-

influenza Ottawa 
Score** 

Archer, South Africa 2009 Descriptive Describe Hospital 72cases Pand~l)lic RT-PCR · Lab metp.ods ?n2 (10~) cases NA NA 
(2009)(25] epidel)liology of f1l admissions A,(HfN1)2q◊.9 · not, . . . . . . .. . Who di~\vitb 

lab confirmed . s~ified-As intltienza 
pandemic (;[iagnos~- . A(HINl.)pdmQ9 had 
influenza cases in reported by ·. TB \:S 1%/fB 
South Africa atten.ding . . prevalen~e)n 2006 in 

clinician .· ·•. . general commun,ity~ 
Not evaluated 
statisticall 

Puvanaliga India 2009- Descriptive Describe cl inical Hospital 442 cases Pandemic RT- Not 8.8% influenza A NA NA 
m (2011) 2010 profile ofHINI admissions A(HIN1)2009 ?CR/culture specified (HIN I )pdm09 
(27] cases cases had TB vs 

0.4%TB 
prevalence in 
general population 
(p<0.001) 

Noh South Korea 2009- Descriptive Describe cases Ho§pital 121.96 fianaemic Rt .. J>CR~ Auramine . No oeallis in the 7 NA NA 
(2013)(26] 2011 with concurrent admissions subjects A(HlNl) stain,TB · cases of concurrent 

1'13 and Jnpuenza 2009 RQR i:µidTB ·. i~ftuenza-TB 
culture . infection. Not 

evaluated 
s~ti~ticall, 

Ope Kenya 2007- Analytical Describe risk Hospital 64 cases; Seasonal RT-PCR Set f-report TB associated with No 8 
(20 I I )(22] 2009 factors for admissions 190 (AH3N2 &A verified by influenza 

influenza controls HINl & B) clinician hospitalization on 
hospitalisation diagnosis bivariate (OR 12.0, 

and 95% CI 1.3-107.37) 
medication but not on 

multivariate (aOR 
not presented) 
analysis 
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Roth --Thailand 
(2013)(23] 

Koegelenb 
erg. 
(2009)(2 1] 

South Africa 

2003-
2011 

2009 

Analytical 

Analytical 

Compare 
characteristics of 
TB/influenza to 
influenza &nd TB 
only 

Describe 
epidemiological 
characteristics, 
clinical features 
and outcome of 
pandemic HIN I 
cases complicated 
by respiratory 
failure 

Hospital--7180 
admissions subjects 

Intensive 
Care Unit 
admissions 

19 cases Pandemic 
A(HlNl) 
2009 

RT-PCR 

AFB± 
culture 

Lab methods 
not 
specified­
presence 
/absence of 
disease 

W1uenza-TI3 co- No 
infection not 
associated with 
increased severity 
/mortality. Deaths 
in 0/23 co-infected 
vs 17/604 (2.8%) 
with influenza only 

=LO 
4/19 r CU cases 
with influenza 
A(H IN I )pdm09 
had TB. TB in 
4/13(31%) who 
died vs 0/6 who 
survived, (p=0.5) 

No 

oi 

6 

*Association- Evidence of/or association (univariate/multivariable analys is) with increased severity of influenza disease in those with vs. without tuberculosis; or prevalence ofcoinfection in those with severe 
influenza disease;•• Score out ofa possible score of9; USA- United States of America; TB-tuberculosis; NA-Not applicable 
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Table 2: Summary of studies reporting on the effect of influenza in individuals with tuberculosis (TB) 

Study Country Year Descriptive/ Objective/hypoth Setting Number Influenza Laboratory TB Findings Associa Newcast 
analytical esis studied type confirmed diagnosis tion* le-

influenza Ottawa 
Score** 

Dijkman Netherlands 1957- Descriptive Investigated Tuberculos 36 · .. · .· Seasonal, .. Serology,Hl Clinical&, 20%(5/20) of · NA . NA 
(1967)[28) 1963 association is subjects · influenza A & .~ · antibodies ·· ·. · · ·. radiological · paediatl'ic patients 

between acute sanatorium B ·· ... \.against / · .~xamtnation · witbjnfluenza 
respiratory . > influenza A. , \ ~AFB >'.. developed segm1 
infection 
(influenzi) and 
unfavourable 
course ot"primary 
pulmonary and 
hilar tuberculosis 
among children-

Sell ers USA 1957 Descriptive Assess effect of TB 31 Pandemic, HI Tuberculin 2/31 TB cases with NA NA 
( 1959)[29] superimposed sanatorium influenza A, antibodies to conversion, influenza had signs 

viral infection on 1957 PR8 type A X-ray of worsening on X-
existing TB & FM! type changes± M ray (increased 

A tuberculosis perihilar nodes, 
culture increased 

infiltration around 
cavity and increase 

Espersen - Denmark: 1952 Analytical Descdbethe Tuberculos 295 .Seasonal, HI Clinical, TB 
in caviW 
Radio ogical Yes-- 6 

(1954)[20] epi9emic of is sul:>jects , influenza 13 smear± changes or sputum 
influenza B in a sanatorium 

', ._ ;. -
·culture conversion in 7/53 

Tij sanatorium i (q%) co-infected 
vsJ/142(2%) TB 
nlY..fil =OIQ0~. 

De Paus Indonesia 2001- Analytical Did newly Cases from 111 TB Seasonal Serology HI- WHO case Prevalence of No 8 
(2013) [24] 2004 diagnosed TB tuberculosi cases; (AH3N2/AHI JG and IGM definition influenza antibodies 

patients have a s clinic and 111 NI) antibodies (clinical among TB cases vs 
recent influenza community communi against +C:XR controls was 46% 
virus infection? controls ty influenza A changes vs 41 % (p=0.5) for 
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Roth 
(2013)(23] 

Thailand 2003-
2011 

Hypothesis­
Influenza virus 
enhanced the 
susceptibility to 
develop active 
TB/ reactivated 
latent TB 

ompare 
characteristics of 
TB/influenza to 
influenza and TB 

l 

Bos,pita 
admissions 

controls, 
matched 
for age, 
sex and 
socio 
economi 
c status 
7I80 

HI titre::: I 0 positive 
microscopy 
and culture 
for Mtb) 

A/H1Nlpdm09 and 
82%vs 82% 
(p=I .0) for 
A/H3N2. 

liin 0/23 cases · No 
e<>~infection vs 
6(4,6%)in 

Q 

*Association- Evidence oflor association (univariate/multivariable analysis) with increased severity of tuberculous disease in those with vs without influenza; or increased frequency ofcoinfection vs single 
infection in those with severe tuberculosis disease 
**Score out ofa possible score of9; USA- Un ited States of America; TB-tuberculosis; NA- Not applicable 
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Table3: Summary of experimental animal studies exploring the interaction between influenza and tuberculosis 
Reference Objective Experiment Influenza Period/ observation Findings 

Volkert (1947) 
[l7] 

Florido 
(2013)[32] 

Does viral infection 
of the lungs 
superimposed on 
tubercle bacilli 
infection alter cause 
and outcome of 
infection due to 
bacterium 

Assessed impact of 
influenza A virus and 
mycobacterial 
respiratory co­
infection on 
development of CD8 
T cell responses to 
each pathogen 

Model: ?xfice 
I. Experiment group I 
~xperimental group 

• Simultaneous TB bacilli given 
intraperitoneally and influenza 
A virus (PR8) intra nasally. 

Control group J: 
Inoculated witfiTB 0rily 
Outcomes: 

• 'Numoer of gross fubercillosis 
pulmonary·Iesions measured at 
'3 weeks 

Experiment group 2: 
• 'Inoculation,.with tB bacilli and 

influenza 3 weeks later 
Outcom¢S: 

• Number of gross TB pulmonary 
lesions measured 6 weeks after 
TB infection (3 weeks after 
influenza cnallen e 

strainfl'B period 
Influeoza A S wee~ and 6 wee,k$ 
PR8 I culture 
of tubercle 
bacilli 

Experimental grpup l 
• Increased munber and extent of 

puJmg,nary.Iesion~ compared to 
control group. 

Experirnentalgroup 2: 
Increasedm.1mber and extent of 
pulmonary lesions compared to 
c9ntrol groµp. 

Experiment 1 -Influenza A / 
PR8 ; BCG 

Experiment I :7, 14, 21 
days post infection; 
Experiment 2 

Experiment] 
Experimental group: 

• Mycobacterium bovis bacilli 
Calmette-Guerin (BCG) and 
influenza A/PR8 at DI 

Control groups: 
• BCG only at DI 

Outcomes: 
• Number ofBCG and influenza­

specific CD4 and CD8 T cells, 
number of mycobacteria, viral 
titres, and number of leukocytes 

24 

21 days post influenza 
challenge (challenge at 7 
weeks) 

• Experimental (co-infected) group­
reduced frequency and magnitude of 
BCG specific CD8 T cells in the 
lungs and reduced magnitude of 
BCG-specific CD4 and CD8-T cell 

IFN Y - secreting responses; no 
difference in influenza-specific 
CD8T cells . 

• Co-infected group had increased 
number of viable BCG ova 



Redford 
(2014)[33] 

I .Effect of prior IAV 
on susceptibility to 
tuberculosis 
2. Effect off AV /M. 
Tuberculosis 
coinfection on 
control of TB 

at D7, D14 and D2I post 
infection 

Experiment 2: 
Experimental group: 

• BCG at DI , and influenza 
infection at 7 weeks. 

Control group: 
• BCG at DI , TB treatment at 

week 3 (for 4 weeks) and 
influenza infection at 7 weeks 

Outcomes: 
BCG specific CDS T cell response D2 I 
,e,,o~ ~nfl uenza. 
Model: mice 

1. Experimental group: 
• Intranasal IAV on DI, 

aerosolized MTB on D28. 
Control group: 

• Intranasal placebo (phosphate 
buffered saline (PBS)) on DI, 
MTBonD28 

Outcomes: 
• lung inflammation, survival, 

number of viable bacteria in 
lung tissue 

2. Experimental group 2: 
• Aerosolized MTB DJ, 

intranasal IAV (subtype 
(Cal/09) on D1 and IA V 
(subtype X3) on D14 

Control group: 
• Aerosolized MTB Dl, placebo 

(PBS) on D1 and D14 
Outcomes: 

• Number of viable MTB 
measured on.DZ 

25 

• Co-infected group had more 
extensive/persistent leucocyte 
accumulation 

Experiment 2-
• Experimental group had reduced 

BCG- specific CDS T cell response 

Model2 

d significant 
.ti9n~ decreased 

.,her number viable MTB 
in lung: compared to th~ ~control group 

. ~ Experimental group had significantly 
increased mycobacterial load 
C9mparedto control group 



Bernard, ( 1962) 
[30] 

Massanari 
(1979)[31] 

Assessed the effect of 
influenza infection on 
TB- infected mice. 
Measured TB bacilla 
per nodule in the 
sacrificed mice and 
time from infection to 
death for the mice 
that were not 
sacrificed 

Examined tuberculin 
hypersensitivity 
during superimposed 
acute influenza 
infection 

Model: Mice 
Experimental group 
Groups I , 2, 3, 4 and 5 ( IO mice in each) 
• TB challenge at week I, 2, 3, 4 and 

5 respectively. Influenza chal lenge 
at week 6. 50% of mice sacrificed 15 
days post influenza challenge 

Group 6 (20 mice)-
• influenza on ly challenge at week 6 

for all ; Not sacrificed 
Control groups 
Groups 1, 2, 3, 4 and 5 (IO mice in each) 
• TB challenge at week I , 2, 3, 4 and 

5 respectively. No influenza 
challenge 

Outcomes: 
• Number of TB bacilli per nodule in 

the sacrificed mice 
• Time from TB infection to death for 

the mice that were not sacrificed 
Model: Mice 
Experimental groupsl: 

• Influenµ viru~, intran~al (i.n) 
4-6 weeks after M. tuberculosis 
infection 

E~perim~etaI group 2 .. .41' 

• Formalin-inactivated influenza 
virus (i.n) or intravenous (i.v) 
live influenza yirus 4-6 weeks 
after M tuberculosis infection 

Control group 
Inoculated with phosphate buffered 
saline (PBS), 4-6 weeks after M 
tuberculosis infection 
Outcomes: 

• Tuberculin hyp ·· · · 
measured as 6 

H37RV 
strain of TB 

u 
iuberculosl$ 
and influenza 
AIPR8 

26 

173 days, 50% of mice in 
experimental groups 1-5 
sacrificed 15 days post 
influenza challenge. 

4-6 w~eks after. TB 
infection 

• 

• 

Experimental groups had 50-75% 
lower survival time, had increased 
number of bacilli per nodules. Effect 
of influenza infection on TB severity 
increased with increasing duration of 
TB infection before influenza 
challenge 
Among non-sacraficed mice, death in 
25/25 (100%) coinfected vs 1/20 
(5%) infected with influenza only 

Experimental group 1 
• Suppressed tuberculin 

hypersensitivity from D3 to D16 post 
intranasal 'influenza infection. 
Suppression of immune response 
preceded pr~en~tion of clinical 
signs of influenza 

• Reduction of lymphocytes on D2,5,7 
post influenza challenge compared to 
values before influenza infection 

Expetjmental group 2 
• · No immunosuppression in 

experimental group 2 



Co (2006) [34) Tested how BCG-

6clays after:fofluenz.a, PBS 
challenge 

• Number of circulating 
lymphpcytes post influenza 
challenge 

Model: Mice 
specific and Experimental groups: 
influenza-specific • Mice chronically infected with 
CD4 T BCG and intranasal hen egg 
cells distribute lysozyme (HEL flu) influenza 
between the two challenge 5 weeks post BCG 
inflammatory sites • Mice chronically infected with 
(lungs and liver) , BCG and wild type (wt) 
how these two T cells influenza challenge 5 weeks 
would interfere with post BCG 
each other and how Control group: 
these interactions • Mice infected with BCG alone 
affect granuloma Outcome: 
formation , Number of AFB per lesion, number of 
dissemination, granuloma lesions and dissemination of 
and control of BCG mvcobacteria from granuloma 

HEL-flu or wt. 
influenza virus 
virus/ BCG 

5 weeks 6 days Experimental groups 
• Increase in numbers of 

granulomas/field (granuloma burden) 
in experimental groups compared to 
controls 

• Slight increase in number of AFB per 
lesion compared to the control group 

• No dissemination of mycobacteria 
from granuloma 

Interpretation: Co-infection with influenza 
had little effect on mycobacterial load 
mycobacteria did not disseminate in either 
group. 

IA V- influenza A virus; IFN- interferon, HEL- hen egg lysozyme, BCG- Calmette-Gue'rin, TB-tuberculosis, M tuberculosis - Mycobacterium tuberculosis 
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Figurel: Flow of information through the different phases of literature search 
and study 

R~rds Identified through Additional r cords ldel"ltlfied 
database startfllng through other s:Of.fl'teS 

fn-432ll Cn • 7l 

l I 
Recottl$ atw' duplicates ttmoved 

{n-3739) 

1 1 
Records sc.r@ned Records extluded 

fn=3739) (n ..-3631) 

l l 
FUll•text articles assessed FUll•te,rt articles exduded, 

far eligibility ~rtleria n()t met 
(n=l22) ln u:106) 

l 

.Shjdies induded in 
qualitative. svntflesfs 

(n "''16} 
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Background. Understanding the burden and clinical presentation of tuberculosis in patients with severe respiratory illness (SRI) 
has important implications for anticipating treatment requirements. 

Methods. Hospitalized patients aged ;;::15 years with SRI at 2 public teaching hospitals in periurban areas in 2 provinces (Edendale 
Hospital in Pietermaritzburg, KwaZulu-Natal Province and Tshepong Hospital in Klerksdorp, North West Province) were enrolled 
prospectively from 2012 to 2014. Tuberculosis testing included smear microscopy, culture, or Xpert MTB/Rif. 

Results. We enrolled 2486 individuals with SRI. Of these, 2097 (84%) were tested for tuberculosis, 593 (28%) were positive. 
Tuberculosis detection rate was 18% (133 of729) in individuals with acute (:,:;14 days) presentation and 34% (460 of 1368) in those 
with chronic(> 14 days) presentation. Among laboratory-confirmed tuberculosis cases, those with acute presentation were less likely 
to present with cough (88% [117 of 133] vs 97% [ 447 of 460]; ajusted odds ratio [a OR] = 0.2, 95% confidence interval [CI] = 0.1-0.5), 
night sweats (57% [75 of 132] vs 73% (337 of 459]; aOR = 0.4, 95% CI= 0.3-0.7), or be started on tuberculosis treatment on admis­
sion (63% [78 of 124] vs 81 % [344 of 423]; a OR= 0.4, 95% CI= 0.3-0.7), but they were more likely to be coinfected with pneumococ­
cus (13% [16 of 124] vs 6% [26 of 411]; a OR 2.3, 95% CI 1.3-5.3) than patients with chronic presentation. Annual incidence of acute 
and chronic tuberculosis-associated SRI per 100000 population was 28 (95% CI= 22-39) and 116 (95% CI= 104-128), respectively. 

Conclusions. In this setting, tuberculosis, including acute presentation, is common in patients hospitalized with SRI. 
Keywords. HIV; severe respiratory illness; South Africa; tuberculosis. 

Tuberculosis is an important cause of severe respiratory illness 

(SRI) causing significant morbidity and mortality globally. In 

2015, an estimated 10.4 million people developed tubercu­

losis and 1.8 million died from the disease, 0.4 million (22%) 

of whom were infected with human immunodeficiency virus 

(HIV) [l]. In South Africa in the same year, there were an 
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estimated 454 000 incident cases of tuberculosis and 258 000 

(57%) were infected with HIV [l]. 

The 2014, South African national guidelines for tuberculosis 

management recognized the importance of early diagnosis and 

treatment of tuberculosis and advocated that sputa be tested in 

patients wilh symptoms of tuberculosis, especially those who 

are infected with HIV irrespective of the duration of cough. 

However, for HIV-uninfected patients, these guidelines advise 

testing only patients with chronic duration of symptoms (ie, 

cough or fever >14 days) [2]. The World Health Organization 

(WHO) guidelines also call for intensified case finding among 

HIV-infected individuals and recommend screening for tuber­

culosis in patients with any current symptoms of tuberculosis 

[3]. In an earlier publication including data from the same hos­

pitals as the current study, we found that only 38% of individ­

uals admilled for lower respiratory tract infection (LRTI) with 

any symptom duration were tested for tuberculosis, whereas 

80% of admitted patients :::: 15 years with LRTI were infected 
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with HIV [4]. In addition, clinicians were significantly less 

likely to test patients with acute symptoms for tuberculosis and 

to start them on tuberculosis treatment [4]. Understanding the 

spectrum of clinical presentation of tuberculosis may contrib­

ute to timely diagnosis and treatment and subsequent better 

control of the tuberculosis epidemic. Among HIV-infected and 

-uninfected persons aged ;;::15 years hospitalized with SRI in 

South Africa during 2012-2014, we aimed to describe the fol­

lowing: ( 1) factors associated with acute compared with chronic 

presentation of SRI irrespective of laboratory diagnosis; (2) 

the incidence oflaboratory-confirmed acute and chronic pres­

entation of pulmonary tuberculosis; (3) factors associated with 

laboratory-confirmed pulmonary tuberculosis among patients 

tested for tuberculosis; and ( 4) factors associated with acute 

and chronic presentation among patients with laboratory-con­

firmed tuberculosis. 

METHODS 

Study Design 

This study used data collected as part of surveillance for SRI [5]. 

Prospective hospital-based active surveillance was conducted 

for SRI at 2 sentinel surveillance sites (Edendale Hospital in 

Pietermaritzburg, Umgungundlovu District, KwaZulu-Natal 

Province and Tshepong Hospital in Klerksdorp, Matlosana 

District, North West Province) from July 2012 to August 2014. 

Case Definitions 

A case of SRI was defined as admission with a physician diag­

nosis of LRTI (eg, pneumonia, bronchiolitis, bronchitis, and 

pleural effusion, suspected or confirmed tuberculosis) irrespec­

tive of symptom duration and included individuals who met the 

WHO severe acute respiratory illness (SARI) case definition of 

cough and fever presenting within 10 days of onset of illness [ 6]. 

Study Procedures 

Patients admitted from Sunday at 5:00 PM through to 1 :00 PM 

on fridays were screened for inclusion. Patients who refused 

or were unable to give consent and patients from outside the 

catchment area of the respective hospitals were excluded. Data 

on clinical presentation, previous medical history, antiviral 

therapy for HIV-infected individuals, inpatient investigations, 

and management and outcome were collected by interview and 

medical record review. Patients were followed-up until dis­

charge. Treatment decisions, including initiation of tuberculo­

sis treatment based on laboratory confirmation or empirically, 

and diagnostic tests were performed according to the attending 

physician. 

In addition, combined nasopharyngeal (NP) and oro­

pharyngeal (OP) swabs, expectorated or induced sputum, and 

blood specimens were collected from consenting patients. We 

instituted testing for tuberculosis for all consenting patients, 

and details of testing for tuberculosis are included in the 

Supplementary Material. 
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Laboratory Methods 

Nasopharyngeal and OP swabs were transported in univer­

sal transport medium at 4-8°C to the National Institute for 

Communicable Diseases (NICD) within 72 hours of collec­

tion. Combined NP and OP swabs were tested for influenza 

A and B and 8 other respiratory viruses (parainfluenza virus 

types 1, 2, and 3; respiratory syncytial virus; adenovirus; rhi­

novirus; human metapneumovirus; and enterovirus) by real­

time, reverse-transcription polymerase chain reaction (PCR) 

[7]. Sputum samples were frozen at -20°C and shipped on dry 

ice weekly to NICD. Testing for tuberculosis at the hospital 

laboratory was performed by smear microscopy, culture, and/ 

or XpertMTB/Rif based on the hospital testing algorithm. At 

NICD, in 2012 testing only included culture and microscopy 

was added in 2013. Details of tuberculosis testing are included 

in Supplementary Material. Determination of HIV status is 

described in detail in Supplementary Material. In brief, HIV 

testing was not required for participation, and HIV results were 

obtained from clinical records when available. For consenting 

patients with unavailable results, either bedside testing was 

done or a dried blood spot was tested as part of surveillance. 

Testing included HIV enzyme-linked immunosorbent assay 

(ELISA) for patients aged ~18 months and PCR for children 

aged < 18 months if the ELISA was reactive. 

Tuberculosis Status 

Tuberculosis status was determined using tuberculosis results 

from specimens tested at the site laboratory and at NICD. A lab­

oratory-confirmed tuberculosis case was defined as an individ­

ual with any positive result for acid-fast bacilli on microscopy, 

Mycobacterium tuberculosis on culture, or PCR (Xpert MTB/Rif 

or MTBDRplus) from the current hospital admission. 

Symptom Duration 

For duration of symptoms, we used the date of onset of symp­

toms as reported by the patient and considered cough and 

fever as the main variables to categorize duration of symptoms 

as either an acute (:,14 days) or chronic (>14 days) presenta­

tion. The cutoff of 14 days was chosen a priori based on South 

African guidelines for tuberculosis screening for HIV-negative 

individuals. 

Incidence Calculation 

Incidence estimates of acute and chronic tuberculosis-as­

sociated SRI hospitalization (per 100000 population) for 

Pietermaritzburg and Klerksdorp were calculated for 2013. 

Population denominators for the hospital catchment popula­

tion were accessed from the 2011 census data as collected by 

Statistics South Africa [8]. Mid-year population figures by age 

group were estimated for the districts served by the hospitals. 

These population numbers were adjusted for proportions of 

people in the hospital catchment area that attended the surveil­

lance hospital for care for respiratory illness using information 

from healthcare utilization surveys previously conducted at 



each site (Karen Wong and Jo McAnerney, Oral communica­
tion, May 2016). Data on all admissions during 2013, including 
nonenrolled individuals, were collected and used to estimate 
the number of SRI cases missed during the study period due 

to nonenrollment over weekends and refusal. The incidence 
of acute and chronic tuberculosis-associated SRI hospitali­
zations/ 100 000 population for 2013 was estimated using the 

number of patients with acute and chronic presentation test­
ing positive for tuberculosis, adjusting for nonenrollment (due 
to refusal and over weekend admissions) and patients who did 

not seek care by age groups divided by the mid-year population 
estimates for 2013 and multiplied by 100 000. Confidence inter­

vals (Cis) were calculated using the Poisson distribution. 

Data Analysis 

To identify factors associated with tuberculosis positivity and 
acute compared with chronic presentation of tuberculosis, we 

included potential determinants for, as well as outcomes or 

characteristics of, the primary endpoints of the analysis. We 
implemented 3 multivariable logistic regression models to 
identify factors associated with the following: (1) acute com­

pared with chronic presentation among patients hospitalized 
with SRI irrespective of laboratory diagnosis; (2) laboratory 

confirmation of tuberculosis among patients admitted with SRI 
with symptoms of any duration and with available tuberculo­

sis results; and (3) acute compared with chronic presentation 
among individuals with laboratory-confirmed tuberculosis to 

assess whether cases with an acute presentation differed in pres­
entation and outcome because they would likely not have been 

tested for tuberculosis especially if they were HIV negative. We 
repeated model (3) among HIV-infected and HIV-uninfected 

individuals separately. 
For the multivariate model, all factors significant at P < .1 on 

univariate analysis were evaluated, and nonsignificant factors at 
P < .OS were then dropped from the multivariable model using 
stepwise forward selection. All 2-way interactions in the final 

multivariable additive model were evaluated. Two-sided P val­
ues <.05 were considered significant throughout. Stata version 

13.1 (StataCorp Limited, College Station, TX) was used for the 
analysis. 

RESULTS 

From July 2012 through August 2014, 4045 patients fulfilling 
the SRI case definition were enrolled; 2486 (61 %) were aged 

~15 years and were included in the analysis. Of these, 866 
(35%) had an acute presentation. A total of2097 of2486 (84%) 

patients were tested for tuberculosis, with equal proportions 
tested among those with an acute (84%; 729 of866) and chronic 

(84%; 1368 of 1620) presentation (Figure I). Tuberculosis was 
detected in 28% (593 of2097) of enrolled individuals, 18% (133 

of729) and 34% ( 460 of 1368) in those with an acute and chronic 
presentation, respectively (P < .001). Results of different tuber­

culosis microbiologic tests are included in the Supplementary 

Material. 
Compared with patients tested for tuberculosis, controlling 

for hospital, patients not tested were less likely to present with 

cough (ajusted odds ratio [aOR], 0.3; 95% CI, 0.2-0.5) or night 

Patirnts ,nrnltf:cl wlth Sf'VfTf' rf'spiratory lllne.ss 4,04.1 

Individuals> I.'.i years 2,486 

Symptoms s; 14 days 8(i(i 

(33%) 

Tested lc,r TH 729 

(84%) 

TB positive l'.B (IB'1/o) 

:\Int tcstrd li>r TH 
]:',7 (!Li%) 

TB ncgaLivc .)96 (B2%) 

Symplum, > 14 , lays I ,1i20 

(65%) 

T,strrl for TH 1,%8 
(84%) 

TB positive HiO (31 %) 

Not tcst1·d liir TH 2'>2 
(lti%) 

TB nq~atin:- 90U (1iti%) 

Figure 1. Individuals admitted with severe respiratory illness and consented for enrollment by symptom duration and laboratory-confirmed tuberculosis 1TB) status. South 
Africa, July 2012-August 2014.NDTE: Reasons !or not testing !or TB In= 389): 54% 1210) not able to expectorate and sputum induction contraindicated or too sick or weak 
to cough up induced sputum. 30% (n= 117) induction not successful. 6% In= 23) refused. 10% (n= 39) reason not recorded. 
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sweats (aOR, 0.7; 95% CI, 0.6-0.9) but were more likely to be 

admitted for >7 days compared with <3 days (aOR, 1.7; 95% CI, 

1.1-2.4) and to die (aOR, 3.1; 95% CI, 2.3-4.1) (Supplementary 

Table 1). There was no significant difference in HIV status 

among patients tested (77% (1438 of 1877]) and not tested (72% 

(247 of 344]) for tuberculosis (P = .06). 

The overall HIV prevalence in patients with SRI was 76% 

(1685 of2221) and varied by age group: 72% (134 ofl86) in those 

15-24 years, 91 % (1071 of 1179) in those 25-44 years, 66% (437 of 

665) in those 45-64 years, and 23% ( 43 of 191) in those 265 years 

(P < .001). Human immunodeficiency virus status also varied by 

tuberculosis disease: 75% (1014 of 1355) and 81 % (424 of 522) in 

tuberculosis-uninfected and -infected individuals, respectively 

(P = .003). Of the 1685 HIV-infected SRI patients, 389 (23%) 

were diagnosed with HIV at the current admission. Of 1482 HIV­

infected SRI patients with information on HIV treatment, 45% 

(674) were receiving HIV treatment at time of admission. 

Comparison of Characteristics of Individuals With Acute Presentation 
to Individuals With Chronic Presentation Hospitalized With Severe 
Respiratory Illness 

Of the patients with acute presentation, 95% (820 of 866) had 

symptom duration s;10 days, and 28% (231 of 820) of these 

met the WHO SARI case definition of LRTI with reported or 

documented fever, cough, and symptoms $10 days (6). On 

multivariable analysis, compared with patients with a chronic 

presentation, patients with an acute presentation were less likely 

to present with cough or night sweats, to have laboratory-con­

firmed tuberculosis, to be started on treatment for tuberculosis 

on current admission, to he hospitalized for a longer duration 

23 days, and to die (Table 1). The HIV prevalence was similar 

(73% [568 of773] vs 77% [1117 of 1448]) in patients with acute 

and chronic presentation, respectively. 

Factors Associated With Laboratory Confirmation of Tuberculosis Among 
Patients Admitted With Severe Respiratory Illness of Any Duration and 
Tested for Tuberculosis 

Among 2097 patients with available tuberculosis results, 28% 

( 593 of 2097) tested positive for tuberculosis at the current 

admission. Eighteen percent (33 of 183) of those who met the 

WHO SARI case definition tested positive for tuberculosis. 

On multivariable analysis, compared with tuberculosis-nega­

tive patients, patients with laboratory-confirmed tuberculosis of 

any symptom duration were less likely to be in older age groups 

>45 year compared with the 15-24 age group, to be coinfected 

with pneumococcus, and to have received oxygen therapy. They 

were more likely to present with symptoms >14 days (Table 2). 

The prevalence of influenza ( 4% vs 6%, P = .09) was similar in 

patients with and without tuberculosis disease of any duration. 

Factors Associated With Acute Presentation Compared to Chronic 
Presentation in Cases With Laboratory-Confirmed Tuberculosis 

Of the 593 laboratory-confirmed tuberculosis cases, 22% (133) 

and 78% (460) had an acute and chronic presentation, respec­

tively. Human immunodeficiency virus prevalence among 
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laboratory-confirmed cases was 81 % (424 of 522), and it was 

similar in those with acute (83%, 102 of 123) and chronic (81 %, 

322 of 399) presentation (P = .51). Among HIV-uninfected 

laboratory-confirmed cases, 21 % (21 of 98) had an acute pres­

entation. On multivariable analysis, among patients with lab­

oratory-confirmed tuberculosis, cases with acute presentation 

were less likely to present with cough (aOR, 0.2; 95% CI, 0.1-

0.5) or night sweats (aOR, 0.4; 95% CI, 0.3-0.7) or be started 

on treatment for tuberculosis at current admission (aOR, 0.4; 

95% Cl, 0.3-0.7) than cases with chronic presentation. In con­

trast, they were more likely to have pneumococcal coinfection 

(aOR, 2.6; 95% Cl, 1.3-5.3). The case-fatality ratio was not sta­

tistically different between laboratory-confirmed tuberculosis 

patients with acute (8%, 11 of 131) and chronic (13%, 56 of 

447) presentation (P = .194) (Table 3). Similar results were seen 

when restricting analysis to HIV-infected patients with labora­

tory-confirmed tuberculosis (Supplementary Material). 

Incidence of Hospitalization for Tuberculosis-Associated Severe 
Respiratory Illness 

The estimated overall incidence (per 100 000 population) of 

hospitalization for tuberculosis-associated SRI was 144 (95% 

CI, 131-158), ranged from 43 to 200 per 100000 among age 

groups, and was significantly higher in Klerksdorp than in 

Pietermaritzburg (181 [95% CI, 162-201) vs 93 [95% CI, 

77-111]). The annual incidence of tuberculosis-associated SRI 

in individuals hospitalized with acute presentation was 28 per 

100000 population {95% CI, 22-39), increased with increas­

ing age, and was highest in individuals 265 years {94 cases per 

100000 population; 95% CI, 54-153). The incidence of tuber­

culosis-associated SRI in individuals with chronic presentation 

was 116 per 100000 population per annum {95% CI, 104-128) 

and was highest in individuals aged 25-44 years (145 cases per 

100000 population; 95% CI, 125-166) (Figure 2). The inci­

dence of tuberculosis-associated SRI was lower in individuals 

with acute compared with chronic presentation, except in indi­

viduals aged 265 years where there was no significant difference 

(0.8; 95% CI, 0.4-1.8) (Figure 2). 

DISCUSSION 

We found that in our setting, a high proportion of adolescents 

and adults admitted with SRI regardless of symptom duration 

had active tuberculosis. For patients with acute presentation, 1 in 

5 {18%) were found to have active tuberculosis, whereas among 

those with longer duration of symptoms, 1 in 3 (34%) had active 

tuberculosis. Although the likelihood of tuberculosis disease was 

higher if symptom duration was > 14 days, additional numbers 

of cases will he identified if laboratory testing for tuberculosis is 

conducted for adults with SRI irrespective of symptom duration 

or HIV status. In particular, 21 % of HIV-uninfected patients with 

laboratory-confirmed tuberculosis had an acute presentation, and 

these would have been missed by the South African tuberculosis 

testing guidelines [2]. Although the HIV-uninfected tuberculosis 



Table 1. Demographic and Clinical Characteristics of Individuals ~15 Years Admitted With Severe Respiratory Illness by Symptom Duration(~ or >14 days), 
in South Africa, July 2012-August 2014 (N= 2486) 

Variables 

Acute Presentation 
(,;;14 Days) 

n/N (%) 

Chronic Presentation 
(>14 Days) 

n/N (% ) 

Univariate Analysis (Acute 
Compared With Chronic 

Presentation) 

OR (95% Cl) PValue 

4&-64 1.0 (0.7-1.3) .850 244/866 (28) 500/1620 (31) 

65+ 1.5 (1.1-2.3) .038 94/866 (11) 123/1620 (8) 

Female sex 1.4 (1.2-1.6) <.001 508/866 (57) 816/1619 (50) 

Multivariable Analysis (Acute 
Compared With Chronic 

Presentation) 

OR (95% Cl) P Value 

1.2 (0.7-1.9) .514 

1.1 (0.6-2.0) .721 

1.3 (1.0-1.6) .027 
---------------------------0-.9- 0-.7--1-.1-)----.,-6-0 __________ _ 

547/866 63) 1069/1620 (66) 

History of cough 748/865 (84) 

444/864 (54) 

88/866 10) 

Diabetes 40/865 (5) 

ine ex11osure• 83/857 (10) 

History of smoking• 169/856 (2 0) 

1111/1619 (67) 

134/1619 (8) 

37/1619 (2) 

189/1594 12) 

273/1602 (1 7) 

0.2 (0.1-0.3) 

1.5 (1.2-1,7) 

0.5 (0.4 -0.6) 

1.3 (0.9-1.7) 

214/858 (25) 349/1603 (22) istor of alcoholb 1.2 (1 - 1.5) 

Tested for TB 729/866 (84) 1368/1620 (84) 

133/729 (18) 460/1368 (34) aboratol conlirm_ e_d_T_B_e ______________________________ o_.4 ___ (0_.3_-0_ .5 __ ) 

73/863 (8) 189/1612 (12) History of TB treatment" 0. 7 (0.5--0.9) 

568/773 (73) 1117/1448 (77) IV infected 0.8 (0.7-1.0) 

Influenza-positive 

Pneumococcal coinfect[g_ri'.; 

Vi ral coinfection 

equired oxygen 

Antibiotics on admission 

Started on TB treatment' 

Duration of hospitalization 
<:3 days ____ _ 

3-7 days 

Died during admission 

Bold indicates signi ficant variables. 

231/842 (27) 429/1587 (27) 1.0 (0.8-1.2) 

300/836 (36) 569/1570(36) 1.0 0.8-1.2) 

823/850 (97) 1509/1591 (95) 1.7 (1.1-2 .6) 

247/803 (31) 809/1457 (56) 0.3 (0.3-0.4) 

337/788 143) 605/1484 (41) 0. 7 (0.6-0.9) 

283nB8 (34) 653/1484 44) 0.6 0.5-0. 7) 

91/824 (11) 228/1546 (15) 0. 7 (0.5--0.9) 

0. 2 (0. 1-0.4) <.001 

<.001 0.5 (0 .4-0.6) <.001 

2.1 (1.1-3.8) .028 -------
.097 

.075 

.863 

___ <_.0_0_1 ___ 0_._7 ,._(0_.5-0 __ .9_) ___ .004 

.012 

.055 

.011 

.832 

.862 

.026 

<.001 

.018 

<.001 

.012 

0.4 (Q.3-0.6) 

0.7 (0.5--0 .97) 

<.001 

.013 

.001 

.038 

Abbreviations: Cl, confidence interval; HIV, human 1mmunodefic1ency virus: OR, odds ratio: PCR, polymerase chain reaction; TB, tubercu\0s1s. 

' Underlying conditions included any of the following: asthma, other chronic lung disease, chronic heart disease (va lvu lar heart disease, corona,y artery disease, or heart failure excluding 
hypenension), hver disease (cirrhosis or liver failure). renal disease (nephrotic syndrome, chronic renal failure). immunocompromis1ng conditions excluding HIV infection (organ transplant, 
immunosuppressive therapy, immunoglobulin deficiency, malignancy}. neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions). or preg­
nancy. Comorbidities were considered absent in cases for which the medical records stated that the patient had no underlying medical condition or when there was no direct reference to 
that condition. 

°Current history. 

' Any history of having worked in the mine. 

a/ycA PCR positive for Streptococcus pneumoniae on blood specimen. 

' History of TB treatment w ithin the last 12 months of current admission. 
1Started on TB treatment at current admission; excludes those already on TB treatment at time of admission (n = 144). Of the 1056 patients started on TB treatment, 42% (441 of 
1056) had a negative TB resul t, 36% (376 of 1056) tested positive, and 23% {239 of 1056) had missing/pending results at the time of initiation of TB treatment. 

' 6% 138/5931 only detected on culture. 

cases with acute presentation constituted 3.5% of all tuberculosis 

cases in this study, in a setting with high tuberculosis prevalence 

and where tuberculosis is the leading cause of death, any oppor­

tunity to diagnose tuberculosis should be used. Studies have 

reported a high prevalence or incidence of active tuberculosis in 

South African communities including in cases where tuberculo­

sis was not suspected [9-11]. In a postmortem study conducted 

in a community served by one of the hospitals included in our 

study, 31 % of patients who died at home with uncategorized 

cause of death had tuberculosis [10]. Wong et al (11] reported 

that among HIV-positive individuals, -30% of microbiologically 

and histologically proven tuberculosis infections on postmortem 

were clinically not suspected at the time of death . 

In our study, 59% and 27% of laboratory-confirmed tuber­

culosis cases did not present with fever and chronic cough, 

respectively, potentially reducing the clinician's suspicion of 

tuberculosis even furth er. The atypical clinical presentation of 

tuberculosis in our study is likely to be related to HIV infection 
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Table 2. Demographic and Clinical Characteristics Associated With Laboratory-Confirmed Tuberculosis Among Cases Admitted With Severe Respiratory 
Illness of Any Duration and Tested for Tuberculosis at Two Sites in South Africa, 2012-2014 (N= 20971 

Univariate Analysis Multivariable Analysis 
Tuberculosis Negative Tuberculosis Positive 

Variables n/N 1%) n/N 1%) OR 195% Cl) PValue OR 195% Cl) PValue 

Age 

15-24 Reference Reference 

25-44 0.8 (0.6-1.1) .179 ().710.5-1.1) .114 

45-64 475/1504 132) 144/593 124) 0.510.4-0.7) <.001 0.6 10.4-0.9) .007 

65+ 142/1504 (9) 21/593 (3) <.001 0.3 (0.1-0.5) <.001 

Female gender 801 /1503 153) 397/593 151) 

erksdorp Tshepon 991/1504 166) 397 /593 167) 

Duration of symptoms > 14 days 908/1504 160) 460/593 176) 2.3 (1.8-2.8) <.001 1.6 11 .2- 2.0) .001 

istory of cough lany duration) 1416/1503 (94) 5641593 (95) 1.2 (0.8-1.8) ,419 

Chronic cough > 14 days 833/592 1731 2.2 11.8-2.7) <.001 

239/590 (41) .084 

927 /1503 162) 412/591 170) 1.411.2-1.8) <.001 

161/1503 (111 27/593 (5) 0.4 (0.3- 0.6 <.001 

Diabetes 48/150213) 0.6 10.3-1.2) 

~ tory oflB treatment• 142/1499 191 1.2 10.9-1. 7) 

HIV infected 1014/1355 175) 424/522 181 I 1.511.1-1.9) .003 

Wor ed in mine• 173 1484 (12) 68/583112) 1.0 0.7-1.3) .997 

History of smokingb 28 1/1488 119) 113/586119) 1.010.8-1.3) .835 

istory of alcoholb 374 1489 25 128/586 122) 0.8 (0,6-1.0) .117 

Influenza-positive 89/1471 16) .086 

Pneumococcal coinfection• 212/1366 (16) 

Viral coinfection 419/1471 128) 169/582 129) 1.0310.8-1.3) 

Invasive bacterial infection on 7/251 (3) 2/122 (2l 0.6 (0.1-2.8) .502 
culture9 

Required oxygen 547/1445 138) 171/584129) 0. 7 10.5-0.8) <.001 0.7 10.6-0.9) .005 

ntibiotics on admission 1421/1468 (97) 554/588 (94) 0.5 (0.3-0.8) .007 

TB treatment st arted' 470/1371 134) 422/547 (77) 6.5 (5. 1-8.1) <.001 5.6 (4.-7.2) <.001 

247/1364 (18) Reference 

~-7 days 55YJ.364 (411. 

8+ days 560/1364 141 I 204/554 (37) 0.9 (0. 7-1.2) .382 

Died during admission 152/1423 (11) 67/578 (12) 1.1 (0.8-1.5) .555 

Bold indicates significant variables. 

Abbreviations: Cl. confidence interval: HIV, human immunodefic1ency virus: OR. odds ratio; PCR, polymerase chain reaction; TB, tuberculosis. 
11Underly1ng cond1t1ons included any of the following: asthma, other chrome lung disease. chronic heart disease (va lvu lar heart disease, coronary artery disease, or heart failure excluding 

hypertens ion). liver disease (cirrhosis or liver failure), rena l disease (nephrotic syndrome, chronic renal failure), immunocompromis1ng conditions excluding HIV infection (organ transplant, 

1mmunosuppress1ve therapy, immunoglobul1n deficiency, mahgnancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular condittons). or preg­
nancy. ComorbidrHes were considered absent in cases for which the medical records stated that the patien t had no underlying medical condition or when there was no direct refe rence to 

that condition. 

~current history. 

' Any history of having worked in the mine. 
0 /ytA PCR positive for Streptococcus pneumoniae on blood specimen. 
11History of TB treatment within the last 12 months of current admission. 
1Started on TB treatment at current admission; excludes those already on TB trea tment at time of admission (n = 108). 

glnvasive isolates were defined as a bacteria l pathogen isolated from blood or pleural fluid from a specimen taken within 48 hours of hospitalization; organisms viewed as like ly contami­

nants were excluded. Two percent (9 of 373) of patients had a positive blood culture (5 S pneumoniae, 2 Staphylococcus aureus, and 1 Escherischia coh) . Two percent (2 of 122) of labora­

tory-conf1rmedTB pat ients had a positive blood culture (1 £ coli and 1 S aureus). 

because 81 % of patients in our study were infected with HIV. 

Symptom screening has been reported to perform poorly in HIV­

infected patients, particularly in those on antiretroviral therapy 

[12, 13). Early detection and prompt treatment are key to the 

success of tuberculosis infection control [1 4] . To facilitate diag­

nosis, minimize delays to treatment initiation , int errupt trans­

mission, and improve patient outcomes, studies have advocated 

for rapid microbiological diagnosis of tuberculosis, which could 
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be achieved through using rapid diagnostic tests including Xpert 

and urine assay for lipoarabinomannan (LAM) (15-20] . Urine 

LAM tests, although not currently part of standard of care in our 

setting, have been shown to be beneficial especially among HIV­

infected individuals with advanced disease where systematic 

screening of admitted individuals is advised [ 16-19, 21]. 

Tuberculosis patients with acu te presentation compared with 

chronic presentation were less likely to present with typical 



Table 3. Demographic and Clinical Factors Associated With Acute (s14 Days) vs Chronic (>14 Days) Presentation Among Individuals ~15 Years With 
Laboratory-Confirmed Tuberculosis, July 2012-August 2014 (N = 593) 

Univariate Analysis Multivariable Analysis 
Acute Presentation Chronic Presentation 

Variables n/N (%) n/N (% ) OR (95% Cl) P Value OR (95% Cl) PValue 

11/133 (81 52/460 (11 I Reference Reference 

82/133 62) 283/460 (621 1.4 !0.7-2.7) .375 

45-64 33/133 (241 111 /460 (241 1.4 (0.7-2 .9) .379 

65+ 7/133 (5) 14/460 (3) 2.4 (0.8-7.2) .131 

Female gender 73/133 (551 228/460 (50) 1.2 (0.8-1.81 .280 

if shepqng Hospital 8!)/133 (671 308460 (671 1.0(0. -1.51 .993 

History of any cough 11 7/133 (881 44 7 /460 (971 0.2 (0.1-0.5) <.001 0.2 (0. 1--0.51 <.001 

History of fever 60 133 45) 179/457 (41) 1.3 0.9-1.9) .220 

Night sweats 75/132 (57) 337/459 (73) 0.4 (0.3-0.7) <.001 

6133 (5 21/460 (5) 

History ofTB treatmentc 51/4457( 11 ) 17/132 (13) 1.2 (0.7- 2.1) .586 

Diabetes 5/433 (5) 7/460 (2) 2.5 (0.8-8.1) .118 

HIV infected 102/123 (83) 322/399 (81 I 1.2 (0.7-1.9) .581 

9/130 (7) 15 452 (3) 2.2 (0.9-5.1) .075 

Pneumococcal coinfectionb 16/124 (13) 26/411 (6) 2.2 (1.1-4,21 .019 2.6 (1.3-5.3) .008 

I.Jira! coinfection 40/130 (31) 129/452 (29) 1.1 (0.7-1.7) .622 

Required oxygen 48/131 (37) 123/453 (27) 1.6 (1.1-2 .3) 

ta(ted on antibiotics 125/131 (95) 429/457 (94) 1.4 (0.6-3.4) 

78/124 (63) 344/423 (81) 0.4 (0.3-0.6) <.001 0.4 (0.3--0. 7) .001 

<3 21/124 (21) 89/430 (19) Reference 

54/124 (42) 194/430 (45) 1.1 (0.6-1.9) .806 

8+ 49/124 (37) 155/430 (36) 1.2 (0. 7- 2.2) .501 

pied during admission 11/131 (8) 56/447 (13) 0.6 (0.3-1.3) .197 

Bold indicates s1gnif1cant variables. 

Abbreviations: Cl, confidence interval; HIV, human immunodefi ciency virus; OR, odds ratio ; PCR, polymerase chain reaction, TB, tubercu losis. 

~underlying conditions included any of the following: Asthma, other d'lronic lung disease, chronic heart disease (va lvu lar heart disease, coronary artery disease. or heart failure excluding 
hypertens ion), liver disease (cirrhosis or liver fai lure}, renal disease (nephrotic syndrome, chronic rena l failure), immunocompromis1ng conditions excluding HIV infection (organ t ransplant, 

immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. 

Comorbldit1es were considered absent in cases for which the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that 
condition. 

" lyrA PCR positive for Streptococcus pneumoniae on blood specimen. 

cHistory of TB treatment within the last 12 months of current admission. 

=started on TB treatment at current admission; excludes those already on TB treatment at time of admission {n = 39). 
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Figure 2. Incidence of tuberculosis-associated severe respiratory illness in acute 
(s14 days) vs chronic (> 14 days) presen la tion per 100 000 population. South Africa 
2013. 

symptoms of tuberculosis such as night sweats and cough and 

were less likely to be started on tuberculosis treatment by the 

attending cl inician . The delay in initiating tuberculosis treatment, 

especially among patients wi th acute presentation, may reflect 

the clinicians' level of suspicion for tuberculosis in this group of 

patients. Patients with undiagnosed tuberculosis may continue 

to spread tuberculosis to other patients and healthcare workers 

[22- 241 . Healthcare service delays have been cited as major con­

tributors to total delay to initiation of tuberculosis treatment [25-

27]. A postmortem study in patients dying in hospital fo und that 

among patients not suspected of having tuberculosis at the time 

of death, 42% (40 of96) were culture positive fo r tuberculosis and 

that pneumonia was the leading admission diagnosis (25%) in 

those not suspected of tuberculosis [28] . This study supports the 

importance of maintaining a high clinical index of suspicion for 

tuberculosis in patients presenting with acute SRI symptoms in 

high HIV and tuberculosis burden settings. 
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Coinfection with respiratory viruses was common (29%) among 

tuberculosis-confirmed cases. Four percent were coinfected with 

influenza: 7% and 3% in patients with an acute and chronic pres­

entation, respectively. This may be an important group to target 

for influenza vaccination because increased risk of influenza-as­

sociated mortality in patients with tuberculosis has been reported 

[4, 29-31]. Pneumococcal coinfection was identified in 8% of 

tuberculosis cases and more commonly identified in tuberculo­

sis cases with an acute than chronic presentation. Among cases 

with an acute presentation, pneumococcus was the most com­

monly detected copathogen. Studies have postulated an interaction 

between tuberculosis and pneumococcus [32-36]. This may sug­

gest severe comorbidity as the reason for admission to hospital in 

patients with tuberculosis. Blood cultures were performed in <20% 

of enrolled patients with tuberculosis results, which limited our 

ability to comment on the proportion with bacteremic pneumonia. 

The overall incidence of hospitalized tuberculosis-as­

sociated SRI was high (144; 95% CI, 131-158), and it was 

twice as high in the Matlosana district compared with areas 

around Pietermaritzburg (181 (95% CI, 162-201] vs 93 [95% 

CI, 77-111 ]). Because gold mining is a major industry in 

Klerksdorp, tuberculosis incidence may be higher compared 

with Pietermaritzburg, which is a nonmining town. Silicosis is 

a frequent occurrence among miners, and gold miners are at 

higher risk for acquiring tuberculosis [37]. In addition, min­

ing areas could fuel transmission among general population. 

Both Matlosana and UMgungundiovu Districts are high HIV­

prevalence areas, and SRI cases at Tshepong and Edendale hos­

pital had a similar high HIV prevalence. Additional results on 

incidence are discussed in the Supplementary Material. 

Our study has a number of limitations. This study included 

hospitalized individuals only and may not be reflective of patients 

with respiratory symptoms treated in outpatient facilities. 

Although our study aimed to test all patients admitted with SRI 

for tuberculosis, only 84% of patients were tested. Tested patients 

were less likely to die, and were more likely to die, and this could 

have biased our study. More than half (54%) of patients that were 

not tested were not able to expectorate and induced sputum was 

contraindicated or they were either too sick or weak to cough 

up sputum. In addition, 18% of patients in our study were tested 

on tuberculosis PCR only and 6% were tested on smear only. 

It is possible that patients diagnosed as not having tuberculosis 

did actually have tuberculosis because the sensitivity of diagnos­

tic tests is <100%. Guidelines for testing with the Xpert MTB/ 

Rif advise that a second sample be tested with microscopy and 

culture especially in HIV-infected patients who test negative for 

tuberculosis on PCR. For tuberculosis testing at site, we included 

testing conducted as part of clinical care, and additional lesling 

was conducted as part of surveillance. Surveillance testing ini­

tiated in July 2012 used the same systems as clinician-initiated 

testing and coincided with a campaign to encourage clinician 

testing because we wanted to make sure that all results would 
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be available to clinicians. For this reason we were not able to tell 

whether the proportion of clinician-initiated testing for individ­

ual cases differed between patients with acute and chronic pres­

entation. In a previous study that included the same sites from 

2010 to 2011 when no systematic testing was implemented, we 

found that testing for tuberculosis was less common in individu­

als with a duration of symptoms <7 days [ 4]. 

Data on cryptococcosis was not collected as part of the main 

study; therefore, we were not able to assess its contribution. For 

mortality, we used in-hospital outcome, and the 12% case-fatality 

ratio reported in our study would likely be higher if patients were 

followed up after discharge from hospital. According to death noti­

fication forms in South Africa, of the 458 933 tuberculosis deaths 

that occurred in 2013, 106 554 (23%) occurred at home [38]. For 

incidence calculation, uncertainty may have been introduced 

through adjustment for nonenrollment, and this was not included 

in the estimation of Cis. Finally, we only included patients aged 

215 years in our study and therefore cannot comment on acute 

and chronic presentation of tuberculosis in children. 

CONCLUSIONS 

Tuberculosis should be considered in a differential diagnosis 

of patients presenting with SRI irrespective of the duration of 

symptoms in high HIV and tuberculosis burden settings such 

as South Africa. The absence of classic tuberculosis symptoms 

and an acute presentation should not preclude the possibility of 

a diagnosis of tuberculosis. 

Supplementary Data 

Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
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The burden and clinical presentation of pulmonary tuberculosis in adults with severe 
respiratory illness in a high HIV prevalence setting, 2012-2014- (Supplementary 
Material) 

Methods 

Information on testing for tuberculosis 

For enrolled patients who were not tested for tuberculosis as part of clinical management, 

expectorated sputum ( or induced sputum if the patient not able to expectorate) was collected 

by study staff for tuberculosis testing at the hospital laboratory in addition to the sample 

tested at the National Institute for Communicable Diseases (NICD), Johannesburg. Initially 

testing for tuberculosis at NICD was only conducted if sample was not available for site 

testing and from 2013 all samples received at NICD were tested. Sputum was not collected if 

the patient was not able to expectorate and sputum induction was contraindicated ( e.g. acute 

respiratory distress, oxygen saturation <90% on room air, haemoptysis, severe respiratory 

distress, unstable cardiovascular status (arrhythmia, angina), deemed inappropriate by 

attending clinician) or the patient was too weak to cough up induced sputum. Results of 

tuberculosis testing from the site laboratory were available to clinicians through the hospitals 

laboratory information system and positive tuberculosis results from NICD testing were 

communicated to the clinicians as results became available. 

Laboratory methods 

Smear microscopy of sputum samples was performed using fluorescent auramine-O staining 

for acid fast bacilli (AFB). Culture was performed using liquid media with the Bactec MGIT 

960 (Becton Dickinson, USA) system. Positive cultures were identified as M tuberculosis 

complex using Ziehl-Neelsen staining and MPT64 antigen testing (Becton Dickinson, USA). 

Genotypic resistance to isoniazid and rifampicin in tuberculosis-positive patients was tested 
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using the Genotype MTBDRplus v2 assay (Hain Lifesciences, Germany). Whole blood was 

tested for the presence of pneumococcal DNA (lytA gene) using quantitative real-time PCR. 

Tuberculosis Status 

The study focused on pulmonary tuberculosis, and we included patients with positive results 

from sputum and pleural effusion. We did not include cases of extra-pulmonary tuberculosis 

without pulmonary disease. Tuberculosis patients who were already on treatment for :S 2 

months (initiation phase of treatment) and those who still tested positive for tuberculosis at 

current admission were included in the analysis. The reason for including these patients was 

because we felt that the tuberculosis was still active and could still affect the outcome. 

Symptom Duration 

Data on symptoms of tuberculosis was collected by interview using a structured 

questionnaire. History of any cough, any fever, night sweats, weight loss, chronic cough (> 14 

days) and chronic fever (> 14 days) was collected. 

Determination of HIV status 

HIV status was obtained from two data sources. For some patients, HIV testing was requested 

by admitting physicians as part of clinical management. This included HIV enzyme-linked 

immunosorbent assay (ELISA) testing with confirmation by ELISA on a second specimen. 

For consenting patients who were not tested by the attending clinician, pre-test counselling 

and bedside testing for HIV was offered by study staff. In addition, for consenting patients 

who refused HIV testing by admitting physicians and did not want to receive their results, 

linked anonymous ELISA(}) was performed using a dried blood spot or whole blood 

specimen. CD4+ cell count per cubic millimeter was collected for HIV-infected patients as 

part of clinical management or part of the study if not requested by the clinician. 

2 



Age categories used in analysis 

For the different analysis, age was categorized into four age groups (15-24, 25-44, 45-64 and 

2:65 years) based on HIV prevalence in the different age groups. 

Results 

Testing for tuberculosis 

Of the 2,097 tested, tuberculosis microscopy results were available for 1,709 (82%), of which 

241 (14 %) tested tuberculosis positive; PCR results for 1,646 (78%), of which 448 (27%) 

tested tuberculosis positive; and culture results for 1,300 ( 62% ), of which 214 ( 16%) tested 

tuberculosis positive. Of the 2,097 tested, 127 (6%) were tested by microscopy only and 30 

(24%) were positive, three ( <l %) were tested on culture only and none were positive, 380 

(18%) were tested on PCR only and 114 (30%) were positive and 1,587 (76%) were tested on 

2:2 tests and 449 (28%) were positive for tuberculosis. 

On multivariable analysis among HIV-infected patients with laboratory-confirmed 

tuberculosis, individuals with acute presentation were less likely to present with cough (aOR 

0.2, 95% CI 0.1-0.7), night sweats (aOR 0.4, 95% CI 0.2-0.7), and low CD4 count (aOR 0.3, 

95% CI 0.2-0.6) and be started on treatment for tuberculosis at current admission (aOR 0.4, 

95% CI 0.2-0.7) compared to patients with chronic presentation (Supplementary table 2). 

Overall 10% ( 43/412) of HIV-infected tuberculosis patients died. There was no difference in 

outcome, among HIV-infected patients with chronic and acute presentation [ case fatality 

ration (CFR) 11 % (35/312) and 8% (8/100), respectively, p=0.36]. Among the 98 HIV-
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uninfected laboratory-confirmed tuberculosis patients, there was no significant difference in 

presentation and outcome in patients with acute and chronic presentation ( data not presented). 

Discussion 

Pneumococcus and influenza are considered to be common causes of community-acquired 

pneumonia [38]. In our study, in SRI patients with symptoms for :Sl4 days, tuberculosis was 

as commonly detected as pneumococcus and more commonly identified than influenza. The 

finding of tuberculosis in cases admitted with acute presentation of LRTI is similar to that 

reported by others in African settings.[34, 39, 40]. 

The overall incidence was high among persons aged ?:65 years and they had the highest 

incidence of tuberculosis-associated acute SRI, though this was not statistically different from 

persons aged 45-64 years. This may reflect tuberculosis testing practices in outpatient 

departments, in that clinicians may not suspect tuberculosis in elderly and in particular those 

with acute presentation or that rapidly progressing tuberculosis frequently will require 

hospitalization. In a previous study, the elderly were less likely to be tested for tuberculosis, 

39% tested compared to 56% in the 25-44 year age group [4]. If the elderly, who are also at 

increased risk for severe influenza illness, are more likely to present acutely and are less 

likely to be tested for tuberculosis, this may be an important target group to prioritize for 

testing for tuberculosis in efforts to curb transmission. 

SARI surveillance is a recommended approach for influenza surveillance. Such surveillance 

platforms, with modified case definitions and expanded laboratory testing, may provide an 

opportunity to monitor severe respiratory illness due to other etiologies. Given the high 

frequency of tuberculosis detection in acute presentation in our study (18%; 133/279), even in 
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patients meeting the WHO SARI case definition with symptoms for :SI O days ( 18%; 33/183), 

tuberculosis testing may be useful in routine SARI surveillance in sub-Saharan Africa [6]. 

Reference List 

1. Department of Health Republic of South Africa. Guidelines for Good Practice in the Conduct 
of Clinical Trials with Human Participants in South Africa. 2006 2006. Report No. 
2. Statistics South Africa. Mortality and cause of death in South Africa, 1998 through 2009. 
2009 2009. Report No. 
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Supplementary tablet: Comparison of characteristics and presentation of individuals2: 15 years of age tested and not tested for 

tuberculosis (N=2486) 

Tested for Not tested for Univariate analysis Multivariable analysis 

tuberculosis tuberculosis OR (95% Cl) P-value OR (95% CI) P-value 

Age 15-24 170/2097 (8) 236/389 (9) Reference Reference 

25-44 1145/2097 (55) 174/389 (45) 0.7 (0.5-1.1) 0.098 0. 7 (0.5-1.2) 0.184 

45-64 619 /2097 (30) 125/389 (32) 0.9 (0.6-1.4) 0.819 1.0 (0.6-1.6) 0.945 

65+ 163 /2097 (8) 54/389 (14) 1.6 ( 1.0-2.5) 0.064 1.4 (0.8-2.3) 0.256 

Female gender 1102/2096 (53) 222/389 (57) 1.2 (1.0-1.5) 0.103 

Tshepong 1388/2097 (66) 228/389 (59) 0.7 (0.6-0.9) 0.004 0.7 (0.5-0.9) 0.002 

Duration of symptoms > 14 1368 /2097 (65) 252/389 (65) 1.0 (0.8-1.3) 0.863 

days 

History of any cough 1980/2096 (94) 332/389 (85) 0.3 (0.2-0.5) <0.001 0.3 (0.2-0.5) <0.001 



History of fever 798/2083 (38) 145/386 (38) 1.0 (0.8-1.2) 0.782 

Night 1339/2094 (64) 216/389 (74) 0.7 (0.6-0.9) 0.002 0.7 (0.6-0.9) 0.023 

sweats 

Underlying medical 228/2096 (11) 47/389 (4) 1. 1 (0.8-1.6) 0.487 

condition* 

Diabetes 60/2095 (3) 17/389 (4) 1.5 (0.9-2.7) 0.118 

HIV-infected 1437/1877 (77) 247/344(72) 0.8 (0.6-1.0) 0.056 

Mine Exposure 241/2067 (12) 31/384 (8) 0. 7 (0.5-1.9) 0.041 

Influenza- positive 113/2053 (6) 18/376(5) 0.9 (0.5-1.4) 0.572 

Pneumococal 254/1901 (13) 34/346 (10) 0. 7 (0.5-1.0) 0.072 

coinfection* * * 

Viral co-infection 588/2053 (29) 72/376 (19) 0.6 (0.4-0.8) <0.001 

Required oxygen 718/2029 (35) 151/377 (40) 1.2 (0.9-1.5) 0.084 

Started on antibiotics 1975/2056 (96) 357/385 (93) 0.5 (0.3-0.8) 0.004 

Started on TB treatment*** 892/1918 (46) 164/342 ( 48) 1.1 (0.8-1.3) 0.621 

Duration of hospitalization 



<3 days 

3-7 days 

8+ days 

Died during admission 

349/1918 (18) 

805/1918 (42) 

764/1918 (40) 

219/2001 (11) 

45/354 (13) 

137/354 (39) 

172/3 54 ( 49) 

100/369 (27) 

Reference 

1.3 (0.9-1.9) 

1.8 (1.2-2.9) 

3.0 (2.3-3.9) 

0.130 

0.002 

<0.001 

1.3 (0.9-1.9) 

1.7 (1.1-2.4) 

3.0 (2.3-4.1) 

0.167 

0.007 

<0.001 

Underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary 

artery disease, or heart failure excluding hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal 

failure), immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulin deficiency, 

malignancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. 

Comorbidities were considered absent in cases for which the medical records stated that the patient had no underlying medical condition or when 

there was no direct reference to that condition. 

**lytA PCR positive for Streptococcus pneumoniae on blood specimen 

* * * started on TB treatment at current admission ( excludes those already on TB treatment at time of admission ( n= 144)) 



Supplementary table 2: Demographic and clinical factors associated with acute (:514 days) vs. chronic (>14 days) presentation among 

HIV-infected individuals 2'. 15 years with laboratory- confirmed tuberculosis, July 2012-August 2014 (N=424) 

Acute Chronic Univariate analysis Multivariable analysis 

presentation presentation OR (95% CI) P-value OR (95% CI) P-value 

n/N (%) n/N (%) 

Age 15-24 7/102 (7) 26/322 (8.1) Reference Reference 

25-44 78/102 (76) 222/ 322 (69) 1.3 (0.5-3.1) 0.550 1.3 (0.4-3 .9) 

45-64 16/102 (16) 69/322 (21) 0.9 (0.3-2.3) 0.769 0.6 (0.2-2.2) 

65+ 1/102 (1) 5/322 (2) 0.7 (0.1-7.4) 0.800 2.4 (0.2-35.5) 

Female gender 60/102 (59) 167/322 (52) 1.3 (0.8-2.1) 0.220 

Tshepong Hospital 69/102 (68) 220/322 (68) 1.0 (0.6-1.6) 0.898 

History of any cough 89/102 (87) 312/322 (97) 0.2 (0.1-0.5) 0.001 0.2 (0.1-0. 7) 0.009 

History of fever 82/178 (46) 205/322 (42) 1.3 (0.8-2.0) 0.249 



Night 61/101 (60) 238/321 (74) 0.5 (0.3-0.9) 0.009 0.4 (0.2-0.7) 0.005 

sweats 

Underlying medical 2/102 (2) 12/322 (4) 0.5 (0.1-2.3) 0.393 

condition* 

Diabetes 1/102 (1) 2/322 (1) 1.2 (0.1-17.6) 0.708 

Low CD4 count** 44/72 (6 I) 184/23 8 (77) 0.5 (0.3-0.8) 0.007 0.4 (0.2-0.7) 0.003 

Mine Exposure€ 7/101 (7) 40/316 (13) 0.5 (0.2-1.2) 0.119 

Influenza- positive 8/100 (8) 11/317(3) 2.4 (0.9-6.2) 0.066 

Pneumococcal 13/97(13) I 8/292 (6) 2.4 (1.1-5.0) 0.026 

coinfection*** 

Viral co-infection 35/100 (35) 92/317 (29) 1.3 (0.8-2.1) 0.258 

Required oxygen 38/100 (38) 81/317 (25) 1.2 (1.1-2.9) 0.017 

Started on antibiotics 96/100 (96) 302/320 (94) 1.4 (0.5-4.3) 0.526 

Started on TB treatment**** 61/95 (64) 244/296 (82) 0.4 (0.2-0.6) <0.001 0.4 (0.2-0.7) 0.003 

Receiving HAART 33/72 (46) 146/244 ( 46) 0.9 (0.6-1.7) 0.943 

Duration of hospitalization 



<3 days 

3-7 days 

8+ days 

Died during admission 

14/94 (15) 

42/94 (45) 

38/94 (40) 

8/100 (8) 

49/302 (16) 

37/302 (45) 

116/302 (38) 

35/312(11) 

Reference 

1. 1 (0.5-2.1) 

1.1 (0.6-2.3) 

0. 7 (0.3-1.5) 

0.841 

0.701 

0.362 

Underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary 

artery disease, or heart failure excluding hypertension), liver disease ( cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal 

failure), immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulin deficiency, 

malignancy), neurological disease ( cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. 

Comorbidities were considered absent in cases for which the medical records stated that the patient had no underlying medical condition or when 

there was no direct reference to that condition. 

**lytA PCR positive for Streptococcus pneumoniae on blood specimen 

*** CD4 categorized as Normal (CD4+ T-lymphocytes :::::200) or low (CD4+ T-lymphocytes <200/mm3) 

* * * * Started on TB treatment at current admission; excludes those already on TB treatment at time of admission (n=28) 

€ Any history of having worked in the mine 
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Abstract 

Background: Data on the association between influenza and tuberculosis are limited. We describe the characteristics of 
patients with laboratory-confirmed tuberculosis, laboratory-confirmed influenza and tuberculosis-influenza co-infection. 

Methods: Patients hospitalized with severe respiratory illness (acute and chronic) were enrolled prospectively in four 
provinces in South Africa. Naso/oropharyngeal specimens were tested for influenza virus by real time reverse 
transcriptase polymerase chain reaction. Tuberculosis testing was conducted as part of clinical management. 

Results: From June 201 O through December 2011, 8032 patients were enrolled and influenza testing was conducted 
on 7863 (98%). Influenza virus was detected in 76S (10%) patients. Among 2959 patients with tuberculosis and 
influenza results, 2227 (75%) were negative for both pathogens, 423 (14%) were positive for tuberculosis alone, 
275 (9%) were positive for influenza alone and 34 (1%) had influenza and tuberculosis co-infection. On multivariable 
analysis amongst individuals with symptoms for ?.7 days, tuberculosis influenza co-infection was associated with 
increased risk of death, (adjusted relative risk ratio (aRRR) (6.1, 95% confidence interval (Cl) 1.6-23.4), as compared 
to tuberculosis only infection. This association was not observed in individuals with symptoms for <7 days 
(aRRR.0.8, 95% Cl 0.1-7.0). 

Conclusion: Tuberculosis and influenza co-infection compared to tuberculosis single infection was associated with 
increased risk of death in individuals with symptoms ?.7 days. The potential public health impact of influenza 
vaccination among persons with laboratory-confirmed tuberculosis should be explored. 

Keywords: Influenza, Tuberculosis, Co-infection, South Africa 

Background 
Despite the availability of efficacious treatment, tubercu­
losis remains the second most common cause of infectious 
disease-related deaths worldwide, after human immuno­
deficiency virus (HIV) and acquired immune deficiency 
syndrome (AIDS) [l]. In 2010, there were an estimated 
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8.8 million incident cases of tuberculosis globally [2]. 
HIV infection is an important risk factor for tuberculosis, 
and HIV-infected individuals have a 20 times greater risk 
of developing tuberculosis as compared to HIV-uninfected 
individuals (3]. In South Africa, there were an estimated 
390,000 incident cases of tuberculosis in 2011 and 65% 
were co-infected with HIV [l]. 

Similarly, despite the availability of effective vaccines, 
influenza virus infection causes substantial annual morbid­
ity and mortality worldwide and in South Africa [4-6]. 
Globally, it is estimated that influenza epidemics result in 
three to five million cases of severe illness, and about 
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250,000-500,000 deaths annually [4]. In 2010 an estimated 
12 million episodes of severe and 3 million episodes of 
very severe acute lower respiratory tract infection resulted 
in hospital admissions in children <5 years worldwide [5]. 
A number of risk factors are described for severe outcomes 
among patients with influenza; these include extremes 
of age, chronic underlying diseases, pregnancy and 
immune-suppression [6]. HIV-infected individuals have 
an increased risk of influenza-associated hospitalisations 
and mortality [7]. 

While chronic lung diseases are a known risk factor 
for severe outcome due to influenza infection, there are 
few published data on the association between influenza 
and tuberculosis. Review of data from the 1918 influenza 
pandemic suggests that individuals with tuberculosis had 
a disproportionately higher mortality than the general popu­
lation [8,9] and that underlying tuberculosis infection may 
have contributed to the elevated mortality observed in 
young adults (8,10]. There is little information about 
the interaction between seasonal or pandemic influenza 
and tuberculosis in recent years. In South Africa, 10% 
of cases that died during the 2009 A(H1Nl)pdm09 pan­
demic were co-infected with tuberculosis (11]. In South 
Korea, concurrent tuberculosis and influenza A(HlNl) 
pdm09 infection was reported in 7 immunocompetent 
patients, none resulting in fatal outcome (12]. 

We describe the epidemiological and clinical characteris­
tics of patients admitted with laboratory-confirmed tuber­
culosis, influenza and tuberculosis-influenza co-infection 
among patients hospitalized with severe respiratory illness 
(SRI) in South Africa, a country with a high prevalence of 
HIV. 

Methods 
Study design 

We conducted prospective hospital-based active surveillance 
for Severe Acute Respiratory Illness (SARI) surveillance 
at 6 public hospitals in 4 surveillance sites situated across 
the country: Chris Hani Baragwanath Academic Hospital 
(CHBAH), Gauteng Province; Edendale Hospital, KwaZulu­
Natal Province; the two hospitals of the Klerksdorp­
Tshepong Hospital Complex (KTHC), Northwest Province; 
and Mapulaneng and Matikwana Hospitals, Mpumalanga 
Province [13]. At each sentinel hospital trained surveillance 
officers screened all admitted patients for surveillance in­
clusion criteria from Monday to Friday, except at CHBAH 
where adult patients were screened on 2 of every 5 days 
per week because of large patient numbers. 

Case definitions 

A case of SARI was defined as a hospitalised individual 
with onset of illness within seven days of admission meet­
ing age-specific clinical inclusion criteria. We included 
children aged two days through <3 months with physician-
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diagnosed sepsis or acute lower respiratory tract infection 
(ALRI), children aged three months through <5 years with 
physician-diagnosed ALRI (including, for example bron­
chitis, bronchiolitis, pneumonia and pleural effusion) and 
patients aged ~5 years meeting a modified World Health 
Organization (WHO) case definition for SARI including 
sudden onset of fever (>38°C) or reported fever, cough or 
sore throat, and shortness of breath or difficulty breathing 
(14]. In addition expanded case definitions were applied 
at three of the hospitals in two of the surveillance sites, 
(Edendale Hospital and KTHC) to include individuals 
meeting the above case definition but with symptoms 
for > 7 days and individuals with suspected or confirmed 
tuberculosis; these patients were defined as having severe 
chronic respiratory illness (SCRI). For this analysis severe 
respiratory illness (SRI) was used to refer to all enrolled 
patients i.e. patients admitted with an acute or chronic 
respiratory illness. 

The South African National Department of Health tu­
berculosis case definitions were modified to define sus­
pected tuberculosis [15]. A suspected tuberculosis case 
in children <12 years was defined as: i) any child present­
ing with a history of exposure to an infectious tuberculosis 
case or with a positive tuberculin skin test and symptoms 
of tuberculosis (chronic cough, weight Joss and fever) with 
or without an abnormal chest x-ray suggestive of tu­
berculosis, or ii) admitted with a physician diagnosis of 
tuberculosis or suspected tuberculosis, or iii) initiated 
on tuberculosis treatment on admission; or iv) was on 
tuberculosis treatment for <2 months at the time of admis­
sion. A suspected tuberculosis case in individuals ~12 years 
of age was defined as: i) any patient presenting with night 
sweats, chronic cough, weight loss or haemoptysis lasting 
for >2 weeks, or ii) had a physician diagnosis of tuber­
culosis or suspected tuberculosis, or iii) was initiated 
on tuberculosis treatment on admission, or iv) was on 
tuberculosis treatment for <2 months at the time of 
admission. 

Patients who were on tuberculosis treatment for ~2 months 
at the time of admission were not enrolled into the sur­
veillance programme as cases of suspected or confirmed 
tuberculosis (because we assumed that after two months 
of treatment tuberculosis was no longer the reason for 
their clinical presentation). These patients were, however, 
enrolled if they met the criteria for SARI. The tuberculosis 
status of the enrolled patients was based on results of tu­
berculosis testing at current admission. 

For this analysis, a laboratory-confirmed tuberculosis case 
was defined as an individual with a positive result for 
Mycobacterium tuberculosis on microscopy, culture or 
polymerase chain reaction (PCR) by GeneXpert MTB/ 
RIF test (Cepheid, Sunnyvale, California) from the current 
hospital admission or from a specimen taken within two 
weeks preceding or following the admission. An influenza 
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case was defined as an individual with a positive PCR test 
for influenza. An influenza-tuberculosis co-infection case 
met criteria for both laboratory-confirmed tuberculosis 
and influenza during the same admission. 

Data collection 

A standardized questionnaire was used to collect demo­
graphic and clinical data, medical history of the patient 
and in-hospital outcome. Hospital and intensive care unit 
(ICU) admission and collection of specimens for bacterial 
culture, tuberculosis testing and CD4+ T-cell counts were 
performed according to attending-physician discretion. 

Sample collection and processing 

Respiratory specimens (oropharyngeal and nasopharyngeal 
swabs for patients ?5 years of age or nasopharyngeal 
aspirates for children <5 years of age), were collected and 
placed in 4 ml virus transport medium. Whole blood sam­
ples were collected in EDTA-containing vacutainer tubes 
within 24 hours of hospital admission for the detection of 
Streptococcus pneumoniae and HIV infection. 

After collection, respiratory and blood samples were 
kept at 4°C at the sentinel site, and transported on ice at 
least twice per week to the National Institute for Com­
municable Diseases of the National Health Laboratory 
Services (NICD-NHLS) for testing. 

Detection of respiratory viruses and 5. pneumoniae 
Respiratory samples were tested by multiplex real-time 
reverse-transcription polymerase chain reaction (PCR) 
(rRT-PCR) for influenza type A and B, adenovirus, entero­
virus, rhinovirus, human metapneumovirus, respiratory 
syncytial virus and parainfluenza virus types 1-3 [16]. 
The influenza A positive specimens were subtyped using 
the Centers for Disease Control and Prevention (CDC) 
rRT-PCR protocol for detection and characterization of 
influenza. DNA was extracted from whole blood speci­
mens using the MagNA Pure LC 2.0 instrument and DNA 
Isolation kit III for bacteria (Roche, Mannheim, Germany) 
and were tested for the S. pneumoniae lytA gene by a 
quantitative real-time PCR [17]. 

Determination of HIV infection 

HIV status data were obtained from two data sources. 
Some patients had HIV testing requested by admitting 
physicians as part of clinical care. This included HIV 
enzyme-linked immunosorbent assay (ELISA) testing with 
confirmation by ELISA on a second specimen for pa­
tients ?18 months of age and qualitative HIV PCR testing for 
confirmation of HN-infection status in children <18 months 
of age. In addition, for consenting patients, linked anonymous 
HIV PCR testing for children <18 months of age or ELISA 
for patients ?18 months of age ,vas performed using a dried 
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blood spot or whole blood specimen at the NICD-NHLS 
laboratory. 

Determination of tuberculosis infection 

Testing for M. tuberculosis, including microscopy, culture, 
GeneXpert MTB/RIF test, or a combination of these, was 
undertaken at the discretion of the attending-physician 
and performed at the laboratory serving the hospital 
where the patient presented. Specimens for tuberculosis 
testing were examined by light microscopy for the pres­
ence of acid fast bacilli. Tuberculosis culture was per­
formed using the BACTEC MGIT automated culture 
system (Becton Dickinson, Franklin Lakes, New Jersey). 
Tuberculosis PCR was performed using the Xpert MTB/ 
RIF system (Cepheid, Sunnyvale, California). The GeneX­
pert MTB/RIF is an automated sample processing and 
nucleic acid amplification test for detection of M. 
tuberculosis and is able to detect resistance to rifampi­
cin. The National Department of Health tuberculosis 
treatment guidelines recommended treatment for pa­
tients with positive smears and that patients suspected 
of tuberculosis should have two specimens tested on 
microscopy and if these were negative then a 3rd sample 
should be tested for smear and culture [15]. 

Data analysis 
To identify factors associated with tuberculosis testing, 
tuberculosis positivity and tuberculosis-influenza co­
infection we included both potential determinants for, 
as well as outcomes or characteristics of the primary 
endpoints of the analysis. Univariate comparisons were 
performed using logistic or multinomial regression. In 
addition, we implemented three multivariable models to 
identify factors associated with: (i) tuberculosis testing 
among enrolled patients; (ii) tuberculosis positivity among 
enrolled patients tested for tuberculosis; and (iii) tubercu­
losis single infection compared to influenza single infection 
or tuberculosis-influenza co-infection. The tuberculosis 
testing and positivity models were implemented using 
stepwise forward selection logistic regression. Multinomial 
regression was used for the comparison of tuberculosis 
only, influenza only and tuberculosis-influenza co-infected 
groups and this analysis was performed separately in indi­
viduals with symptoms for <7 days and ?7 days. Multi­
nomial regression allows modelling of outcome variables 
with >2 categories and relates the probability of being in 
category j to the probability of being in a baseline cat­
egory. A complete set of coefficients are estimated for 
each of the j levels being compared with the baseline 
and the effect of each predictor in the model is mea­
sured as relative risk ratio (RRR). For this analysis, we 
used the tuberculosis single infection group as the 
baseline category and compared it with the influenza 
single infection and tuberculosis-influenza co-infection 
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groups and we restricted the analysis to laboratory con­
firmed cases for both influenza and tuberculosis. The gen­
eral form of the multivariable multinomial model with 
dichotomous predictors was as follows: 

Where p(Y1) is the probability of the outcome variable 
in the base category {tuberculosis single infection) and 
p(Y j) is the probability of the outcome variable in the 
other categories; j represents the two other categories (j = 2: 
influenza single infection; and j = 3: tuberculosis-influenza 

coinfection) that are compared to the base category; pg> is 

the model constant for category j; pyl to p~> are coefficients 
associated with predictors X1 to Xn in category j; and e is 
the error term. 

The model in equation 1 was fitted to any enrolled case 
with available tuberculosis and influenza results irrespect­
ive of duration of symptoms as well as separately among 
individuals with acute {duration of symptoms <7 days) and 
chronic {duration of symptoms ?.7 days) clinical presenta­
tion to specifically assess the clinical characteristics of indi­
viduals within these two groups. In order to allow for 
direct comparison of the final multivariable models for 
acute and chronic patients we elected to retain any variable 
which was significant at 0.05 in either one of these 
models in the final multivariable model. Covariates with a 
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p-value <0.2 at the univariate analysis were assessed for sig­
nificance at the multivariable analysis and statistical signifi­
cance was assessed at p < 0.05 for all models. Statistically 
significant variables were retained in the multivariable 
models. HIV status was retained in the multinomial 
models a priori as this is a potential confounder of the 
interaction between influenza and tuberculosis. Two­
way interactions were assessed by inclusion of product 
terms for all variables remaining in the final additive 
models. The statistical analysis was implemented using 
STATA" version 12 (StataCorp, Texas, USA). 

Ethics 

Ethical approval for the study was obtained from the 
University of the Witwatersrand, Human Research Ethics 
committee (reference M081042) and the University of 
KwaZulu-Natal Biomedical Research Ethics committee 
(reference BF157 /08). The United States Centers for 
Disease Control and Prevention deemed this surveillance 
not to be research and therefore this project did not need 
human subjects review. 

Results 
Patient enrolment and testing 

From June 2010 through December 2011, we enrolled 
8032 patients, and influenza results were obtained from 
7863 {98%) cases (Figure 1). Of these 4077 {52%) were fe­
males and 3291 {42%) were children ::s5 years. Influenza 

SRI Patients enrolled 

8032 

Tested for influenz 

7863 (98%) 

Not tested for influenza 

169(2%) 

Influenza positive 

765 (10%) 

Tested for 
tuberculosis 

Tuberculosis positiv 

34(11%) 

Died Died 

4 (12%) 9 ( 3%) 

Survived Survived 

30 (88%) 265 (96%) 

Unknown 
Outcome 

1 (1%) 

Influenza negative 

7098 (90%) 

Tested for 
tuberculosis 

2650 (37%) 

Tuberculosis positive Tuberculosis 

423 (16%) negative 

2227 (84%) 

Died Died 

31 (7%) 151 (6%) 

Survived 

391 (92%) 
Survived 

2071 (94%) 

Unknown Unknown 
Outcome Outcome 
1 (<1%) 5 (<1%) 

Not tested for 
tuberculosis 

4448 (63%) 

Figure 1 Flow chart of patients enrolled into the severe respiratory illness (acute and non acute) surveillance, South Africa 2009-2011. 



Walaza et al. BMC Infectious Diseases (201 5) 15:26 

virus was detected in 765 (10%) patients. An influenza sub­
type was characterized from 764 (99.8%) influenza positive 
samples, including 219 (29%) influenza A(H1Nl)pdm09, 
195 (25%) A(H3N2) and 350 (46%) influenza B. Among 
patients with available influenza results, 2959 (38%) were 
tested for tuberculosis during admission. Of these, 69% 
(2029) and 31% (930) met the SARI and SCRI case defini­
tions, respectively. HIV results were available for 2739 
(93%) of 2959 patients with available tuberculosis results 
and 1877 (69%) were HIV-infected. Among influenza 
tested patients with available data <1% (6/7863) received 
oseltamivir and <1% (4/7857) were vaccinated against in­
fluenza. Two percent (179/7863) of enrolled patients with 
results for influenza and 2% (49/2959) of those tested for 
influenza and tuberculosis were already receiving tubercu­
losis treatment at time of current admission. 

Factors associated with tuberculosis testing on admission 

Among patients with available influenza results, on mul­
tivariable analysis factors associated with tuberculosis 
testing were age <'.5 years, with the highest proportion 
tested (56%, 1378/2473) in the 25-44 age group (adjusted 
odds ratio (aOR) 3.5, 95% CI 3.0-4.2) as compared to 
age <5 years, HIV infection (aOR 1.5, 95% CI 1.3- 1.7), 
symptom duration <'.7 days (aOR 1.3, 95% CI 1.1-1.5), 
hospitalisation duration >7 days (aOR 1.3, 95% CI 1.1- 1.4), 
requiring oxygen therapy (aOR 1.2, 95% CI 1.0-1.3) and 
antibiotic (aOR 1.9, 95% CI 1.4-2.5) or tuberculosis (aOR 
1.2, 95% CI 1.0-1.4) treatment started during current 
admission (Table 1). The proportion of patients tested 
for tuberculosis was similar for patients testing influenza­
positive and influenza-negative and for those who died 
in-hospital and those who survived. 

Factors associated with laboratory-diagnosed tuberculosis 

Among 2959 patients with available tuberculosis and in­
fluenza results, 15% (457 /2959) tested positive for tuber­
culosis on the current admission and 2% (10/457) of these 
were receiving tuberculosis treatment at time of current 
admission. The highest percentage testing tuberculosis 
positive was in the 25-44 years age group (18%, 249/1378) 
(Table 2). Of the patients testing positive for tuberculosis, 
332 (73%) were positive on microscopy only. The tubercu­
losis detection rate was 10% among those with symp­
toms for <7 days and 25% among those with symptoms 
for <'.7 days. Of the 457 laboratory-confirmed tuberculosis 
cases, 198 (43%) and 259 (57%) met the SARI and SCRI 
case definitions respectively. On multivariable analysis, 
patients with laboratory-diagnosed tuberculosis were less 
likely to be co-infected with S. pneumoniae (aOR 0.5, 95% 
CI 0.3-0.9) and to have received oxygen therapy (aOR 0.7, 
95% CI 0.5- 0.9). They were more likely to be admitted at 
KTHC as compared to CHBAH (aOR 1.9, 95% CI 1.4-2.6) 
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and to be started on tuberculosis treatment at current ad­
mission (aOR 4.6, 95% CI 3.5-6.0) (Table 2). 

HIV results were available for 93% (424/457) of 
tuberculosis-positive and 92% (2315/2502) of tuberculosis­
negative individuals. Of these, 335 (79%) of tuberculosis­
positive and 1542 (67%) of tuberculosis-negative indi­
viduals were HIV infected. Amongst tuberculosis-positive 
patients tested for HIV, age-specific HIV prevalence were 
36% (15/42), 79% (35/44), 95% (222/234), 65% (58/89), 
33% (5/15) in the <5 years, 5-24 years, 25-44 years, 45-
64 years and <'.65 years age groups, respectively. Amongst 
tuberculosis-negative patients tested for HIV, age-specific 
HIV prevalence were 19% (78/417), 71% (147/206), 
89% (966/1081), 65% (325/502) and 24% (26/109) in 
the <5 years, 5-24 years, 25-44 years, 45-64 years 
and <'.65 years age groups, respectively. 

Factors associated with tuberculosis and influenza 

infection 
Among the 2959 patients with available tuberculosis and 
influenza results, 2227 (75%) were negative for both path­
ogens, 423 (14%) were positive for tuberculosis alone, 275 
(9%) were positive for influenza alone and 34 (1%) had 
influenza and tuberculosis co-infection. Tuberculosis 
treatment was being received at the time of admission 
for 2% (n = 10) of patients positive for tuberculosis only 
and <1 % (n = 2) of patients positive for influenza only. 
None of the patients with influenza and tuberculosis 
co-infection were on tuberculosis treatment at the time 
of admission. 

On multivariable analysis adjusting for age group, pa­
tients infected with influenza only compared to patients 
with tuberculosis only were less likely to be HIV infected 
(adjusted relative risk ratio (aRRR) 0.6, 95% CI 0.4-0.9), 
to present with duration of symptoms <'.7 days (aRRR 0.3, 
95% CI 0.2-0.4), to be admitted for longer than 7 days 
(aRRR 0.6, 95% CI 0.4-0.9) while they were more likely to 
be started on oxygen therapy (aRRR 1.9, 95% CI 1.3-2.8) 
(Table 3). Patients co-infected with tuberculosis and influ­
enza compared to patients with tuberculosis only were less 
likely to present with symptoms <'.7 days (aRRR 0.3, 95% 
CI 0.1-0.7), but were at increased risk of death (aRRR 3.1, 
95% CI 1.1-10.1). 

Of the 720 patients testing positive for influenza and/or 
tuberculosis, 384 (53%) presented with symptom dur­
ation <7 days. Of these, 166 (43%) were positive for tu­
berculosis alone, 194 (50%) were positive for influenza 
alone and 24 (6%) had tuberculosis-influenza co­
infection. Of the 336/720 (47%) patients testing posi­
tive for influenza and/or tuberculosis with symptom 
duration <'.7 days, 246 (73%) were positive for tubercu­
losis alone, 81 (24%) were positive for influenza alone 
and 9 (3%) had tuberculosis-influenza co-infection. 
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n/N (%) ratio (95% Cl) ratios (95% Cl) Cl ,... 
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:Jl 
iv 

Male 1295/3786 (34) 0.8 (0.7-0.8) <0.001 3 
~ 

Site Chris Hani Baragwanath 1618/4437 (36) Reference Reference V, 

iv 
Mapulaneng & Matikwana 144/749 (19) 0.4 (0.3-0.5) <0.001 0.4 (0.3-0.5) <0.001 °' 
Edendale 385/1156 (33) 0.9 (0.8-0.99) 0.046 0.7 (0.6-0.8) <0.001 

Klerksdorp/fshepong 812/1521 (53) 1.99 ( 1.8-2.2) <0.001 1.1 (0.95-1.3) 0.152 

Influenza Negative 2650/7098 (37) Reference 

Positive 309/765 (40) 1.1 (0.9-1.3) 0.097 

HIV status Negative 862/3410 (25) Reference Reference 

Positive 1877/3523 (53) 3.4 (3.0-3.7) <0.001 1.5 ( 1.3-1 .7) <0.001 

Underlying medical condition* No 2652/7041 (38) Reference 

Yes 307/821 (37) 0.98 (0.85-1.14) 0.879 

Duration of symptoms prior to admission (days) <7 1884/5957(32) Reference Reference 

;,:7 1012/1765 (57) 2.9 (2 6-3.2) <0.001 1.3 (1.1-1.5) 0.003 

Concurrent invasive bacterial infection** No 653/1832 (36) Reference 

Yes 24/46(52) 1.96 (1.1- 3.5) 0.023 

Pneumococcal No 2435/6284 (39) Reference 

Infection*** Yes 214/434 (49) 1.5 (1.3-1.9) <0.001 

Receiving tuberculosis treatment at time of admission No 158/292 (54) Reference <0.001 

Yes 49/179 (27) 0.3 (0.2-0.5) 

Started on treatment for tuberculosis No 2301/6716 (34) Reference Reference 

Yes 647/1108 (58) 2.7 (2.4-3 1) <0.001 1.2 (1.0-1.4) 0.036 
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Table 1 Demographic and clinical characteristics of patients admitted with severe respiratory illness (acute and chronic), by tuberculosis testing status at four 
sites in South Africa, June 2010- December 2011 (Continued) 

Antibiotics prescribed No 77/332 (23) 

Yes 2877 /7515 (38) 

Oxygen therapy No 1869/5145 (36) 

Yes 1086/2698 (40) 

ICU admission No 2936/7772 (38) 

Yes 15/65 (23) 

Duration of hospitalisation (days) $7 1913/5666 (34) 

>7 1029/2143 (48) 

Died No 2757/7321 (38) 

Yes 195/509 (38) 

HIV - human immunodeficiency virus; ICU- intensive care unit, TB-Tuberculosis. 

Reference 

2.1 (1.6-2.7) <0.001 

Reference 

1.2 (1.1-1.3) 0.001 

Reference 

0.5 (0.3-0.9) 0.017 

Reference 

2.9 (26-3.2) <0.001 

Reference Reference 

1.02 (0.9-1.2) 0.769 

Reference 

1.9 (1.4-2.5) 

1.2 (1.0-1.3) 

Reference 

1.2 (1.1-1.4) 

<0.001 

0.018 

0.002 

*Underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or heart failure excluding hypertension), liver disease 
(cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitus, immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, 
immunoglobulin deficiency, malignancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
**Concurrent invasive bacterial infections were defined as a bacterial pathogen isolated from blood, cerebrospinal fluid or another sterile site from a specimen taken within 48 hours of hospitalisation; organisms 
viewed as likely contaminants were excluded. 
***Pneumococcal co-infection (lyt A PCR positive for Streptococcus pneumoniae on blood specimen). 
Other variables evaluated but not presented in the table because they were not significant on univariate analysis were, Oseltamivir treatment prescribed and smoking and alcohol intake for patients ;;,12 years. 
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Table 2 Demographic and clinical characteristics associated with laboratory-confirmed tuberculosis among patients 
admitted with severe respiratory illness (acute and chronic) that were tested for tuberculosis and influenza at four 
sites in South Africa, June 2010- December 2011 

Characteristic Laboratory confirmed Unadjusted odds P value Adjusted odds P value 
tuberculosis n/N (%) ratio (95% Cl) ratios (95% Cl) 

Age group (years) 0-4 55/571 (10) Reference Reference 

5-24 47/270 (17) 1.97 (1.3-3.0) 0.001 1.36 (0.8-2.3) 0.233 

25-44 249/1378 (18) 2.1 (1.5-2.8) <0.001 1.37 (0.9-2.06) 0.120 

45-64 90/611 (15) 1.6 (1.1-2.3) 0.008 1.11 (0.7-1.7) 0.628 

65+ 16/129(12) 1.3 (0.7-2.4) 0.348 0.94 (0.5-1.9) 0.872 

Site Chris Hani Baragwanath 141/1618 (9) Reference Reference 

Mapulaneng & 23/144 (16) 1.99 (1.2-3.2) 0.005 1.4 (0.8-2.3) 0.228 
Matikwana 

Edendale 49/385 (13) 1.5 (1.1-2.2) 0.016 0.9 (0.6-1.4) 0.668 

Klerksdorp/fshepong 244/81 2 (30) 4.5 (3.6-5.6) <0.001 1.9 (1.4-2.6) <0.001 

Influenza status Negative 423/2650 (16) Reference 

Positive 34/309 (11) 0.7 (0.5-0.9) 0.023 

HIV status Negative 89/862 (10) Reference 

Positive 335/1877 (18) 1.9 (1.5-2.4) <0.001 

Underlying medical condition• No 426/2652 (16) Reference 

Yes 31/307 (10) 0.6 (0.4-0.9) 0.007 

Duration of symptoms prior to <7 190/1884 (10) Reference 
admission 

"27 255/1012 (25) 3.0 (2.4-3.7) <0.001 

Pneumococcal co-infection on PCR** No 400/2435 (16) Reference Reference 

Yes 18/214 (8) 0.5 (0.3-0.8) 0.003 0.5 (0.3-0.9) 0.016 

Oxygen therapy No 337/1869 (18) Reference Reference 

Yes 120/1086 (11) 0.6 (0.4-0.7) <0.001 0.7 (0.5- 0.9) 0.007 

Receiving TB treatment at time of No 25/158 (16) Reference 
admission 

Yes 10/49 (20) 1.4 (06-31) 0.456 

Started on TB treatment No 205/2301 (9) Reference Reference 

Yes 251/647 (39) 6.5 (S.2-8.0) <0.001 4.6 (3.5-6 0) <0.001 

Duration of hospitalisation (days) 9 279/1913 (14) Reference 

>7 174/1029 (17) 1.2 (0 96-1.6) 0.096 

Season Summer 57/366 (15) Reference 

Autumn 78/449 (17) 1.1 (0.8-16) 0.492 

Winter 178/1027 (17) 1.1 (0.8-1 6) 0.441 

Spring 144/1117 (13) 0.8 (06-1.1) 0.194 

Died No 421/2757 (15) Reference 

Yes 35/195 (18) 1.2 (0.8-18) 0.318 

HIV - human immunodeficiency virus; ICU- Intensive Care Unit, TB-Tuberculosis, Cl - confidence interval. 
Analysis includes 2029 individuals with severe acute respiratory illness and 930 with severe chronic respiratory illness. 
·underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or 
heart failure excluding hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitus, 
immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurological 
disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
**/yt A PCR positive for Streptococcus pneumoniae on blood specimen. 
Other variables that were evaluated but not presented in the table because they were not significant on univariate analysis were sex, influenza type, concurrent 
bacterial infection, antibiotic prescribed on admission, admission to intensive care unit, and smoking and alcohol intake for patients ~12 years. 
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Table 3 Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only in patients admitted with severe respiratory illness (acute and chronic) and tested for tuberculosis and 
influenza at four sites in South Africa, June 2010- December 2011 
Variables Laboratory Laboratory confirmed influenza 

confirmed 
Laboratory confirmed 
tuberculosis-influenza 
co-infection tuberculosis 

Reference• n/N (%) ARRRc (95% Cl) n/N (%) RRRb ARRRC 
(95%(1) 

Age group (years) 

Sex 

Site 

HIV status 

Underlying medical 
conditionsd 

D-4 

5-24 

25-44 

45-64 

65+ 

Female 

Male 

Chris Hani 
Baragwanath 

47/423 (11) 

44/423 (10) 

231/423 (55) 

46/275 (1 O) Reference 

28/275 (11) 0.6 (0.3-1.2) 

121 /275 (44) 0.5 (0.3-0.8) 

Reference 

1.3 (0.6-2.9) 

1.5 (0.8-2.8) 

86/423 (20) 57/275 (21) 0.7 (0.4-1.1) 1.3 (0.7-2.5) 

15/423 (3) 23/275 (8) 1.6 (0.7-3.4) 3.9 (1.6-9.8) 

247 /423 (58) 176/275 (64) Reference 

176/176 (42) 99/275 (36) 0.8 (0.6-1.1) 

124/423 (29) 169/275 (61) Reference 

Mapulaneng & 21/423 (5) 
Matikwana 

11/275 (4) 0.4 (0.2-0.8) 

Edendale 

Klerksdorp/ 
Tshepong 

Negative 

Positive 

No 

Yes 

48/423 (11) 22/275 (8) 0.3 (0.2-0.6) 

230/423 (54) 73/275 (27) 0.2 (0.2-0.3) 

82/392 (21) 99/257 (39) Reference Reference 

310/392 (79) 158/257 (61 0.4 (0.3-0.6) 0.6 (0.4-0.9) 

394/423 (93) 240/275 (87) Reference 

29/423 (7) 35/275 (13) 1.98 (1.2-3.3) 

Duration of symptoms prior <7 166/412 (40) 194/27S (71) Reference Reference 
to admission 

Pneumoccocal co-infection 
on PCRe 

Oxygen therapy 

Tuberculosis treatment 

Hospital duration (days) 

Died 

?.7 

No 

Yes 

No 

Yes 

No 

Yes 

>7 

No 

Yes 

246/412 (60) 81 /275 (29) 0.3 (0.2-0.4) 0.4 (0.2-0.4) 

371/388 (96) 

17/388 (4) 

233/246 (95) Reference 

13/246 (5) 1.2 (0.6-2.6) 

313/423 (74) 158/275 (57) Reference 

Reference 

Reference 

110/423 (26) 117/275 (43) 2.1 (1.5-2.9) 1.9 (1.3-2.8) 

185/422 (44) 243/274 (89) Reference 

237/422 (56) 31/274 (11) 0.1 (0.1-0.2) 

257/420 (61) 198/274 (72) Reference 

163/420 (39) 76/274 (28) 0.6 (0.4-0.8) 0.6 (0.4-0 9) 

391/422 (73) 265/274 Reference Reference 

31/422 (7) 9/274 0.4 (02-0 9) 0.5 (02-1 1) 

8/34 (22) Reference 

3/34 (9) 0.4 (0.1-1.6) 

18/34 (53) 0.5 (0.2-1.2) 

Reference 

0.5 (0.1-2.5) 

0.5 (0.2-1.7) 

4/34 (12) 0.3 (0.1-0.9) 0.3 (0.1-2.5) 

1/34 (3) 0.3 (0.04-3.4) 9.53e-07 

20/34 (59) Reference 

14/34 (41) 1.0 (0.5-1.9) 

17 /34 (SO) Reference 

2/34 (6) 0.7 (0.1-3.2) 

1/34 (3) 0.2 (0.01-1.2) 

14/34 (41) 0.4 (0.2-0.9) 

7 /32 (22) Reference Reference 

25/32 (78) 0.9 (0.4-2.3) 1.6 (0.5-4.9) 

32/34 (94) Reference 

2/34 (6) 0.8 (0.2-3.7) 

24/33 (73) Reference Reference 

9/33 (27) 0.3 (0.1-0.6) 0.3 (0.1-0.7) 

29/30 (97) 

1/30 (3) 0.8 (0.1-5.8) 

24/34 (71) Reference Reference 

10/34 (29) 1.2 (0.5-2.6) 0.97 (0.4-2.3) 

20/34 (59) Reference 

14/34 (41) 0.5 (0.3-1.1) 

22/33 (67) Reference Reference 

11 /33 (33) 0.8 (0.4-1. 7) 0.7 (0.3- 1.5) 

30/34 (88) Reference Reference 

4/34 (12) 1.7 (0.6-51) 32 (1.1-10.0) 

'Tuberculosis only group used as reference for multinomial model analysis (i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co­
infection to tuberculosis only group). 
bUnadjusted relative risk ratio (RRR) at multivariable analysis. 
'Adjusted relative risk ratio (ARRR) at multivariable analysis. 
dUnderlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or 
heart failure excluding hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitus, 
immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulindeficiency, malignancy), neurological 
disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
"/yr A PCR positive for Streptococcus pneumoniae on blood specimen. 

The median duration of symptoms was 2 (range 0-6) 
and 14 (7-195) days in patients presenting with symp­
toms <7 days and ?.7 days respectively. 

On multivariable analysis, among patients presenting 
with symptoms <7 days, patients with influenza only 

compared to patients with tuberculosis only were less 
likely to be admitted for >7 days (aRRR 0.4, 95% CI 0.3-
0.7). No differences were found in patients co-infected 
with tuberculosis and influenza compared to patients with 
tuberculosis only and there was no increased risk of death 
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Table 4 Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only among patients presenting with symptoms duration <7 days admitted with severe respiratory illness 
and tested for tuberculosis and influenza at four sites in South Africa, June 2010-2011 

Variabl,,s Laboratory confirmed Laboratory confirmed influenza Laboratory confirmed tuberculosis-influenza 
tuberculosis Reference• co-infection 

n/N (%) ARRRb P-value n/N (%) ARRRb P-value 

Duration of symptoms <7 100/165 (61) 148/194 (76) Reference 6/9 (67) Reference 

?:.7 days 65/165 (39) 46/194 (24) 0.4 (0.3-0.7) 0.001 3/9 (33) 0.5 (0.2-1.5) 0.240 

HIV status Negative 46/148 (31) 74/179 (41) Reference 5/22 (23) Reference 

Positive 102/148 (69) 105/ 179 (59) 0.8 (0.5-1.2) 0.280 17/22 (77) 1.6 (0.5-4.7) 0.404 

Oxygen therapy No 101/166 (61) 1 08/194 (56) Reference 17/24 (71) Reference 

Yes 65/166 (39) 86/194 (44) 1.4 (0.9-2.3) 0.141 7/24 (29) 0.7 (0.3-2.0) 0.560 

Died No 157 /166 (95) 191/194 (98) 0.5(0.2-1.5) 24/24 (96) Reference 

Yes 9/166 (5) 3/194 (2) 0.2 (0.04-1.2) 0.081 1/24 (4) 0.98 (0.1-8.6) 0.986 

HIV - human immunodeficiency virus. 
'Tuberculosis only group used as reference for multinomial model analysis (i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co-infection to 
tuberculosis only group). 
b Adjusted relative risk ratio (ARRR) at multivariable analysis. 

in influenza tuberculosis co-infected individuals (aRRR 
0.8, 95% CI 0.1-8.6) (Table 4). 

On multivariable analysis among patients presenting with 
symptoms "?:.7 days, patients with influenza only compared 
to tuberculosis only were less likely to be HIV-infected 
(aRRR 0.4, 95% CI 0.2-0.7) and more likely to receive 
oxygen (aRRR 1.7, 95% CI 1.7-5.4). Patients co-infected 
with tuberculosis and influenza as compared to patients 
with tuberculosis only were at increased risk of death 
(aRRR 5.5, 95% CI 1.2-25.3) (Table 5). 

Discussion 
We describe an increased risk of death associated with in­
fluenza co-infection among patients with symptoms ?:.7 days 
hospitalized with laboratory-confirmed tuberculosis in 

South Africa. Mortality was not increased in patients 
co-infected with influenza and tuberculosis presenting 
with a more recent symptom onset. This suggests that 
influenza infection may contribute to a proportion of 
the mortality burden amongst patients with tuberculosis, 
in particular amongst those with a longer duration of 
symptoms. Because influenza illness is considered to be an 
acute infection it is possible that it is not considered as 
a possible diagnosis in patients with longer duration of 
symptoms. Both influenza and tuberculosis should be 
considered and tested for among patients hospitalized 
with pneumonia in settings with high tuberculosis preva­
lence such as South Africa. Based on the findings of this 
study our surveillance programme has been amended at 
two sites to include systematic testing for tuberculosis 

Table S Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only among patients admitted with severe respiratory illness presenting with symptoms duration ?::.7 days 
and tested for tuberculosis and influenza at four sites in South Africa, June 2010- December 2011 

Variables Laboratory confirmed Laboratory confirmed influenza Laboratory confirmed tuberculosis-influenza 
tuberculosis Reference• co-infection 

n/N (%) ARRRb P-value n/N (%) ARRRb P-value 

Hospital duration <7 150/244 (61) 50/80 (62.5) Reference 6/9 (67) Reference 

?:.7 days 94/244 (39) 30/80 (37.7) 0.99 (0.6-1 7) 0.991 3/9 (33) 0.6 (0.1-27) 0.520 

HIV status Negative 34/233 (83) 25/78 (32) Reference 1/9 (11) Reference 

Positive 199/233 (17) 53/78 (68) 0.4 (02-07) 0.002 8/9 (89) 2.2 (0.2-20.5) 0.486 

Oxygen therapy No 203/246 (83) 50/81 (62) Reference 6/9 (67) Reference 

Yes 43/246 (17) 31/81 (38) 3.0 (1.7-5.5) <0.001 3/9 (33) 2.1 (0.5-9 3) 0.315 

Died No 224/24 5 (91) 74/80 (92.5) Reference 6/9 (67) Reference 

Yes 21/245 (9) 6/80 (7.5) 0.54 (0.2-1.5) 0.875 3/9 (33) 5.48 (1.2-25.4) 0.029 

HIV - human immunodeficiency virus. 
'Tuberculosis only group used as reference for multinomial model analysis (i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co­
infection to tuberculosis only group). 
bAdjusted relative risk ratio (ARRR) at multivariable analysis. 
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in patients admitted with severe respiratory illness. In 
addition, we suggest that where possible tuberculosis 
testing should be included in SARI programmes in 
Sub-Saharan Africa where HIV prevalence is high. 

A recent study from Thailand did not identify an in­
creased risk of severe outcomes or mortality in patients 
co-infected with tuberculosis and seasonal influenza when 
compared to tuberculosis and influenza single infection 
[18]. The number of patients co-infected with influenza 
and tuberculosis in this study were, however, small, and 
patients with a more chronic presentation were not en­
rolled in the surveillance system. Similar to the findings 
of our study, ecological and record review studies have 
reported elevated mortality among tuberculosis-infected 
individuals during previous influenza pandemics [9,10,19] 
and 10% of A(H1Nl)pdm09 laboratory-confirmed deaths 
in South Africa in 2009, were co-infected with tubercu­
losis [11]. 

In patients presenting with longer duration of symptoms, 
tuberculosis may have caused lung damage leading to re­
duced lung capacity and thus impairing the ability to cope 
with viral infections such as influenza and potentially in­
creasing the severity of illness associated with influenza 
virus infection. In addition, influenza infection impacts 
on antibacterial host defenses by either increased pro­
duction of pro-inflammatory cytokines, causing cell 
damage [20], or due to inadequate pro-inflammatory 
chemokine response [21,22], which could increase sus­
ceptibility to tuberculosis. Lastly, immunosuppression 
induced by influenza virus through production of glu­
cocorticoids [23], production of immunosuppressive cy­
tokines [20] or, suppression of T-cell immunity [24] 
could trigger reactivation of latent tuberculosis and ag­
gravate pulmonary tuberculosis. 

Persons with AIDS experience a significant excess mor­
tality due to influenza infection as compared to HIV­
uninfected individuals (7,25]. The relative risk of M. 
tuberculosis infection among HIV-infected compared 
to -uninfected persons varies between 21-37 depending 
on the country's HIV prevalence [2]. In our study, a high 
proportion of patients with tuberculosis were also HIV­
infected; however the association with increased mortality 
in patients co-infected with tuberculosis and influenza 
virus remained statistically significant even when control­
ling for concurrent HIV infection in the model. 

Despite the high prevalence of tuberculosis in South 
Africa, in our study, only 37% (3018/8032) of patients 
admitted with SRI were tested for tuberculosis. Even 
amongst patients who were initiated on tuberculosis treat­
ment during the current admission, only 58% (656/1123) 
were tested before initiation of treatment. A study con­
ducted in South Africa reported tuberculosis as the most 
common cause (40%) of community acquired pneumonia 
in both HIV-infected and-uninfected patients [26]. A post 
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mortem study in patients dying in hospital found that 
among patients not suspected of having tuberculosis at 
time of death, 42% (40/96) were culture positive for tuber­
culosis and that pneumonia, was the leading admis­
sion diagnosis (25%) in those not suspected of tuberculosis 
[27]. Only 32% of patients with symptom duration 
of <7 days were tested for tuberculosis, as compared 
to 57% in those with a chronic presentation, but amongst 
those tested, 10% had laboratory confirmed-tuberculosis. 
National guidelines for tuberculosis management advise 
screening for tuberculosis in patients presenting with per­
sistent chronic symptoms (cough or fever >14 days) [28], 
however results from a pooled analysis of sensitivity of 
symptoms for active pulmonary tuberculosis, showed that 
in studies from sub-Saharan countries, with high burden 
of HIV, sensitivity of any cough was higher 62% than that 
of chronic cough >2 weeks, 49% [29]. Failure to test for 
tuberculosis could lead to delayed or missed diagnosis 
of tuberculosis, an increase in nosocomial tuberculosis 
transmission and missed opportunities to identify drug 
resistance when testing with the GeneXpert assay. Be­
cause of the long duration of tuberculosis treatment and 
possible associated adverse events, a microbiologic diagno­
sis of tuberculosis should be sought wherever possible 
(30]. The majority of tuberculosis-positive patients in our 
study were aged >5 years. Microbiological confirmation 
of tuberculosis in children is difficult [14,31-34], because 
childhood tuberculosis tends to be paucibacillary and 
smear negative. This difficulty can be further compounded 
by HIV co-infection. 

Less than 1 % of patients in our study received influenza 
antiviral treatment or influenza vaccination despite being 
recommended in national guidelines [35,36]. The associ­
ation between influenza and tuberculosis seen in our study 
may be different in settings where influenza vaccination 
and antivirals are widely used. In South Africa, while there 
are recommendations for annual influenza vaccination, 
tuberculosis is not specifically listed as an underlying 
co-morbid illness to be targeted for vaccination [37]. 
Tuberculosis treatment guidelines do not routinely in­
clude influenza vaccination as part of management [15]. A 
randomised controlled study of trivalent inactivated influ­
enza vaccine conducted in HIV-infected adults with 
CD4+ T cell counts >200 µg/ml in South Africa reported 
75% (95% CI 9.2-95.6) efficacy in adults [38]. However, pa­
tients with tuberculosis co-infection or low CD4+ T cell 
counts were not included. Although vaccination remains 
the most effective method to prevent influenza infection, 
tuberculosis infection suppresses immune responses and 
thus vaccine effectiveness may be lower in this patient 
group. There are no published data on the effectiveness of 
influenza vaccination in patients with tuberculosis, par­
ticularly those co-infected with HIV (79% of individuals in 
our study). 
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Our study has limitations that warrant discussion. Firstly, 
we restricted our analysis to patients with tuberculosis 
laboratory results at current admission, and our case 
definition of laboratory-confirmed tuberculosis included 
smear-positive results. As testing for tuberculosis is not 
100% sensitive, especially for extra pulmonary tuberculosis 
which is common in patients with HIV, we may have mis­
classified a proportion of tuberculosis-positive individuals 
as not having tuberculosis; however there is no reason to 
suspect that sensitivity would differ between influenza­
positive and -negative patients. The majority of patients 
with laboratory-confirmed tuberculosis only had micros­
copy results and it is possible that some may have been in­
fected with mycobacteria other than tuberculosis in a high 
HIV prevalence setting such as South Africa. However, 
current South African guidelines recommend initiation of 
tuberculosis treatment based on smear microscopy results 
(11]. Secondly we enrolled acute and chronic cases only at 
two enhanced sites and we didn't systematically test all en­
rolled cases for tuberculosis. The patients tested for tuber­
culosis differed in several characteristics from those not 
tested. These differences in enrolment and testing proce­
dures as well as the low proportion of patients tested for 
tuberculosis may have introduced potential selection bias 
in the population included in the study. Testing all pa­
tients admitted with SRI will improve identification of 
tuberculosis cases and the ability to detect significant 
differences between groups. We did not collect data on 
chest X- ray findings. Availability of data on radiological 
changes in the lungs could have strengthened the evi­
dence in support of our hypothesis regarding changes 
in the lungs resulting in severe outcome in patients 
with underlying tuberculosis co-infected with influenza. 

Conclusion 
In conclusion, we observed an increased risk of death 
among tuberculosis-infected patients co-infected with 
influenza with a symptom history of ~7 days. The poten­
tial public health impact of influenza vaccination among 
persons with laboratory-confirmed tuberculosis should 
be explored. 
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Abstract 

Background 

Data on the prevalence and impact of influenza-tuberculosis co-infection on clinical outcomes 

from high HIV and tuberculosis burden settings are limited. We explored the impact of 

influenza and tuberculosis co-infection on mortality among hospitalised adults with lower 

respiratory tract infection (LRTI). 

Methods 

We prospectively enrolled patients aged ~15 years admitted with physician-diagnosed LRTI 

or suspected tuberculosis at two hospitals in South Africa from June 2010- May 2016. 

Combined nasopharyngeal and oropharyngeal swabs were tested for influenza and 8 other 

respiratory viruses. Tuberculosis testing of sputum included smear microscopy, culture and/or 

Xpert MTB/Rif. Blood was tested for pneumococcus by lyt A polymerase chain reaction 

(PCR). 

Results 

Among 6228 enrolled individuals aged ~15 years, 4253 (68%) were tested for both influenza 

and tuberculosis. Of these, the detection rate was 6% (239/4253) for influenza, 26% 

(1092/4253) for tuberculosis and 77% (3113/4053) for HIV. One percent (42/4253) was 

positive for both influenza and tuberculosis. On multivariable analysis, among tuberculosis­

positive patients, factors independently associated with death were age group ~65 years 

compared to 15-24 years (adjusted odds ratio [aOR] 3.6, 95% confidence interval [CI] 1.2-

11.0) and influenza co-infection (aOR 2.3, 95% CI 1.02-5.2). Among influenza-positive 

patients, laboratory-confirmed tuberculosis was associated with an increased risk of death 

(aOR 4.5, 95% CI 1.5-13.3). 

Conclusion 
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Tuberculosis co-infection is associated with increased mortality in individuals with influenza 

and influenza co-infection is also associated with increased mortality in individuals with 

tuberculosis. These data may help in making decisions on whether influenza vaccines or 

influenza antivirals should be prioritised for tuberculosis patients. 
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Introduction 

Both influenza and tuberculosis cause significant morbidity and mortality globally [l-4J_ Data 

on the impact of influenza and tuberculosis co-infection, particularly from high HIV and 

tuberculosis burden settings are limited. Most available data are from ecologic or individual 

level studies usually conducted during pandemic influenza years, frequently descriptive, with 

limited sample size and lacking data on important confounders such as HIV infection [5-
111. A 

better understanding of influenza and tuberculosis interaction is important to assist policy 

makers to make decisions regarding priority target groups for influenza immunization. 

HIV is a risk factor for both tuberculosis and influenza-associated morbidity and mortality c12
-

151. In South Africa 11.6%-12.7% of the general population and approximately one fifth 

(22.2%) of women in reproductive age were living with HIV between 2010 and 2016 [l 6l. In 

2015, there were an estimated 450 000 incident cases of tuberculosis of which 57% were 

HIV-infected. An estimated 25000 HIV-negative tuberculosis cases died in 2015 and an 

estimated 73000 deaths occurred among tuberculosis cases co-infected with HIV [l 7J_ 

Similarly, an increased risk of influenza-associated hospitalisation and mortality has been 

reported among individuals with AIDS. [13, 
14

, 
18

,
191. We previously reported an increased risk 

of mortality in patients with influenza-tuberculosis co-infection from six hospitals in South 

Africa. C
201 However, this earlier study was limited by differential enrolment criteria across 

different participating sites and sample size which did not allow us to evaluate specific 

interactions in the influenza and tuberculosis infected groups separately. 

In this study we assess the effect of influenza-tuberculosis co-infection on mortality among 

patients hospitalized with severe respiratory illness, first among those that were tuberculosis-­

positive and second among those that were influenza-positive. 
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Methods 

Study Design 

We conducted prospective hospital-based sentinel surveillance for severe respiratory illness 

(SRI) at two hospitals which form part of enhanced surveillance for pneumonia in two 

provinces; Edendale Hospital in the KwaZulu-Natal Province and Tshepong Hospital in the 

North West Province from June 2010 through May 2016. 

Case definitions 

A case of SRI was defined as admission with physician-diagnosed lower respiratory tract 

infection (LRTI) including suspected tuberculosis, of any duration. Patients aged ~15 years 

from the hospital catchment area were included in our analysis. 

Study procedures 

SRI cases admitted from 17H00 on Sunday through 13H00 on Friday were eligible for 

enrolment. Data on clinical presentation, previous medical history, antiretroviral therapy for 

HIV-infected individuals, inpatient investigations, clinical management and outcome were 

collected through structured interviews and record review. Each patient was followed-up until 

discharge. Treatment decisions and diagnostic tests for patient management were determined 

by the attending physician. 

Sample collection and laboratory procedures 

Combined nasopharyngeal (NP) and oropharyngeal (OP) swabs and blood specimens were 

systematically collected from consenting patients by study staff. Combined NP and OP swabs 

were transported in universal transport medium (Copan, Brescia, Italy) on cooled ice packs to 

the National Institute for Communicable Diseases (NICD) within 72 hours of collection and 

were tested for influenza A and B viruses, respiratory syncytial virus, paraintluenza virus 

types 1, 2 and 3, adenoviruses, human metapneumovirus, enterovirus and rhinoviruses, using 
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either a multiplex real-time reverse transcription polymerase chain reaction assayl21 l from 

2010 through to 2014 or the commercial Allplex Respiratory Assay (panel 2 and 3) (Seegene, 

Seoul, Korea) from 2015. Influenza A and Band respiratory syncytial viruses were tested 

using the commercial FTD Flu/RSV assay (Fast Track Diagnostics, Luxembourg) from 2015-

2016. Parainfluenza virus types 1, 2 and 3, adenoviruses, human metapneumovirus, 

enteroviruses and rhinoviruses were only tested for period 2010-2015. 

From June 2010-May 2012, tuberculosis testing of expectorated sputum was conducted at the 

discretion of the attending clinician. Systematic testing for tuberculosis was instituted in June 

2012. For this period, enrolled patients who were not tested for tuberculosis as part of clinical 

management, expectorated sputum (or induced sputum if the patient was not able to 

expectorate) was collected by study staff for tuberculosis testing at the hospital laboratory 

and a second sample was collected and sent to NICD in Johannesburg for tuberculosis and 

other bacterial pathogens testing. Sputum samples were frozen at -20°C and stored at the site 

laboratory until shipped on dry ice on a weekly basis to NICD. Microbiological investigation 

for tuberculosis at the site laboratory was performed by smear microscopy, culture and/or 

XpertMTB/Rif (Cepheid, California, USA). At NICD, tuberculosis was identified by 

microscopy and culture only. Smear microscopy of sputum samples was performed using 

fluorescent auramine-O staining for acid fast bacilli (AFB). Culture was performed at the site 

laboratory and at NICD using liquid media with the Bactec MGIT 960 (Becton Dickinson, 

New Jersey, USA) system. Positive cultures were identified as Mycobacterium tuberculosis 

complex using Ziehl-Neelsen staining and MPT64 antigen testing (Becton Dickinson, New 

Jersey, USA) [221 • Due to logistic limitations including contraindications to induced sputum 

collection, we were not able to offer all patients sputum induction and not all patients 

provided an expectorated sputum specimen. A further proportion of patients were not able to 
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produce a sputum specimen even after sputum induction procedures. All patients without an 

available sputum for testing were considered not tested for tuberculosis. Amongst patients 

tested for tuberculosis, a patient was considered tuberculosis positive if at least one 

tuberculosis test (smear, culture or PCR) was positive. Whole blood specimens were tested 

for the presence of pneumococcal DNA (lytA gene) using quantitative real-time PCR [231 • 

Determination of HIV status and CD4 count testing for HIV-infected patients 

HIV status was obtained from several data sources. HIV testing was requested by admitting 

physicians as part of clinical management for most patients. This included HIV enzyme­

linked immunosorbent assay (ELISA) testing with confirmation by ELISA on a second 

specimen if the first sample was positive. For consenting patients who were not tested by the 

attending clinician, pre-test counselling and bedside testing for HIV was offered by NICD 

study staff. Homemed's HIVl/2 point of care test (POCT) was used as the first screening test 

and ABON™ HIVI/2 Tri-Line test kit was used as second confirmatory test for all 

participants testing positive on the first screening test. Discrepant rapid test results were 

confirmed by an ELISA test. In addition, for consenting patients who refused HIV testing by 

admitting physicians and did not want to receive their results, linked anonymous[241 ELISA 

was performed at NICD using a dried blood spot or whole blood specimen. When results 

were available from multiple sources or discrepant, the NICD result was used. CD4+ cell 

count per cubic millimeter was collected for HIV-infected patients as part of clinical 

management or part of the study if not requested by the clinician. 

Ethical Consideration 
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The protocol was approved by the University of the Witwatersrand Human Research Ethics 

Committee (reference M081042 and M1400824) and the University of KwaZulu-Natal 

Human Biomedical Research Ethics Committee (BF157/08 and BE 496/14). 

Analysis 

We implemented multivariable logistic models to assess: 

i. Factors associated with testing for tuberculosis to assess for potential bias in the 

population who received tuberculosis testing 

11. The association between tuberculosis and influenza co-infection on mortality in two 

different populations: 

a. All individuals testing tuberculosis positive (who also were tested for 

influenza) 

b. All individuals testing influenza positive (who also were tested for 

tuberculosis) 

Symptom duration, HIV serostatus and age were included a-priori in models (ii. a) and (ii. b) 

as important potential confounders. Symptom duration was included based on our previous 

findings demonstrating that influenza-tuberculosis co-infection was associated with increased 

risk of death compared to tuberculosis or influenza single infection in patients with symptoms 

>7 days, but not in patients with acute presentation c2o1_ 

Factors significant at p<0.1 on univariate analysis were evaluated in the multivariable 

analysis and non-significant factors at p~0.05 were dropped from the multivariable model 

using stepwise forward selection. All two-way interactions in the final multivariable additive 

model were evaluated. Two-sided p-values <0.05 were considered significant throughout. 

Stata version 14 (StataCorp Limited, College Station, Texas, United States) was used for the 

analysis. 
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Results 

From June 2010 through May 2016, we enrolled 6228 individuals aged 2:15 years with SRI. 

Of these, 6149 (99%) and 4300 (69%) were tested for influenza and tuberculosis, 

respectively. The overall HIV prevalence among 5853 patients aged 2:15 years with SRI and 

known HIV results was 76% (4445/5853), 69% (213/308) among influenza positive cases 

and 83% (869/1043) among tuberculosis positive cases. Overall mortality amongst enrolled 

patients was 13% (777/6064); 11% (119/1088) among tuberculosis positive, 12% (37/318) 

among influenza positive and 19% (8/42) among influenza tuberculosis coinfected. 

Compared to patients not tested for tuberculosis, on multivariable analysis, patients tested for 

tuberculosis were more likely to present with cough [adjusted odds ratio (aOR), 2.1, 95% 

confidence interval (CI) 1.5-2.8] and night sweats (aOR 1.3, 95% CI 1.1-1.6), to have a 

history of working in a mine (aOR, 1.6, 95% CI 1.2-2.2), to have pneumococcal co infection 

identified by lyt A PCR (aOR, 1.3, 95% CI 1.0-1.8) and to be admitted at Tshepong Hospital 

(aORl .5, 95% CI 1.2-1.8); however, they were less likely to be admitted for >7 days 

compared to <3 days (aOR 0.8, 95% CI 0.6-0.9) and to die during admission (aOR 0.5, 95% 

CI 0.4-0.6) (Tablel). 

In total, 68% (4253/6228) of participants were tested for both pathogens (Figure 1). Among 

these individuals, the overall detection rate was 6% (239/4253) for influenza, 26% 

(1092/4253) for tuberculosis and 77% (3113/4053) for HIV. Of these, 25% (1050/4253) were 

positive for tuberculosis only, 5% (197/4253) for influenza only and 1% (42/4253) were co­

infected with influenza and tuberculosis. Of the 1092 individuals positive for tuberculosis, 

444 (41%), 202 (19%), 114 (10%) and 332 (30%) were positive on PCR only, microscopy 

only, culture only and on 2:2 tests respectively. Of the 1087 individuals positive for 
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tuberculosis with data on previous tuberculosis treatment, 118 ( 11 % ) had a history of being 

on tuberculosis treatment within 12 months of current admission. 

Factors associated with mortality in patients testing tuberculosis positive 

Of the 1092 patients aged ~15 years tested for influenza with laboratory-confirmed 

tuberculosis, 116/1075 (11 %) died. Mortality increased with increasing age, 11 % (69/656; 

aOR 1.5, 95% CI 0.7-3.3), 12% (32/258; aOR 1.8, 95% CI 0.8-4.0) and 19% (7/36; aOR 3.6, 

95% CI 1.2-11.0) among individuals aged 25-44, 45-64 and ~65 years compared to 15-24 

year age group (6%, 8/129), although this was only significant in the ~65 years age group 

(Table 2). Patients with symptom duration longer than 7 days were more likely to die (12%, 

94/786 vs 8%, 20/258; aOR 1.5, 95% CI 0.9-2.5), although this was not statistically 

significant on multivariable analysis. On multivariable analysis controlling for HIV status and 

duration of symptoms, factors independently associated with death among tuberculosis 

positive patients were age group ~65 years compared to 15-24 years (aOR 3.6, 95% CI 1.2-

11.0) and influenza co-infection (aOR 2.3 (95% CI 1.1-5.2). 

Factors associated with mortality in patients testing influenza positive 

Among 239 hospitalised patients aged ~15 years tested for tuberculosis with laboratory­

confirmed influenza, 18/232 (8%) died. Mortality increased with increasing age, 6% (8/131; 

aOR 1.0, 95% CI 0.1-8.9), 10% (6/57; aOR 2.5, 95% CI 0.3-24.2) and 12% (3/25; aOR 5.1, 

95% CI 0.4-65.9) among individuals aged 25-44, 45-64 and ~65 years compared to 15-24-

year age group (5%, 1/19) and was higher in individuals with symptom duration >7 days 
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(10%, 12/120 vs 5%, 6/109; aOR 1.6, 95% CI 0.6-4.7), although these were not statistically 

significant on multivariable analysis (Table 3). 

On multivariable analysis controlling for age, HIV status and symptom duration, laboratory­

confirmed tuberculosis was associated with an increased risk of death in patients who tested 

positive for influenza [aOR 4.5, 95% CI 1.5-13.3] (Table 3). 

Discussion 

Influenza and tuberculosis are both common aetiologies identified among adults hospitalised 

with LRTI in South Africa and both are associated with high proportion of in-hospital 

mortality (12% and 11 %, respectively). Although co-infection with influenza and 

tuberculosis was relatively rare (1 %) of which 19% died (8/42), among patients with 

influenza, tuberculosis co-infection was associated with elevated mortality risk (aOR 4.5) and 

influenza co-infection, was associated with increased mortality (aOR 2.3) among patients 

with tuberculosis. These results suggest that when influenza and tuberculosis disease coexist 

in an individual patient, their co-presence is associated with a worse prognosis than either 

infection alone. 

In our study we found an increased risk of mortality among tuberculosis-positive patients that 

were co-infected with influenza viruses. Ecological studies have suggested excess 

tuberculosis mortality during influenza pandemics and seasonal epidemics; however, a causal 

relationship could not be demonstrated [6, 25-2s1. Our results are similar to reports from 

descriptive studies from tuberculosis sanatoria in the 1950s which also reported increased 

tuberculosis mortality or increased complications following influenza infection [29
,

301. 

However, these studies were not statistically evaluated. Animal experimental studies have 

suggested a causal relationship between influenza infection and tuberculosis mortality, 
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suggesting that influenza infection of mice with tuberculosis reduced long term survival f3 I-

33l_ Bernard et al. showed that in mice, an influenza challenge 1-5 weeks after tuberculosis 

infection, compared with tuberculosis only-infected mice resulted in 50-75% shorter survival 

time and a higher case-fatality ratio.f32l In the same study, sequential infection of mice with 

tuberculosis and influenza, with tuberculosis infection on day O and influenza infection 7 

weeks later, resulted in increased pulmonary disease and a delay in mycobacterium clearance 

from the lungs of infected mice f33l. 

In our study we also found an increased risk of mortality among influenza-positive patients 

that were co-infected with tuberculosis. Our results are similar to those from studies 

conducted during the 2009 influenza pandemic, which reported either a high prevalence of 

tuberculosis in individuals hospitalised or who died of influenza compared to the general 

population or described tuberculosis as a risk factor for influenza-associated severe disease rs-

10J. However, these studies were mostly descriptive. In animal studies, Redford et al. 

demonstrated that influenza A virus infection of mice 28 days before or during M 

tuberculosis infection impaired mycobacterium control and decreased host survival f34l_ Co­

infection or superinfection with other bacterial pathogens, Streptococcus pneumoniae, 

Staphylococcus aureus and Haemophilus influenzae have also been reported as a risk factor 

for severe influenza-associated disease and deathf35, 36l. 

We had previously reported an increased risk of death among patients with tuberculosis that 

were co-infected with influenza , which was only significant among patients with symptoms 

>7 days r20J. In the current study, we used a different analytic approach to explore the effects 

of tuberculosis and influenza separately in the groups of individuals with each pathogen 

infection. Using this analytic approach, although not statistically significant, patients with 

longer duration of symptoms compared to those with more acute presentation were at 

increased risk of death. It is possible that the association with severe outcomes in 
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tuberculosis-positive patients who are co-infected with influenza is in part due to the chronic 

lung damage caused by tuberculosis. In an experimental study, Bernard et al. demonstrated 

that the amount of tissue damage among tuberculosis-influenza co-infected mice, increased 

with increasing time of tuberculosis infection prior to the influenza challenge [321. Studies 

restricted to influenza patients with an acute presentation did not find an association between 

co-infection and severe outcomes, although in one such study, tuberculosis was associated 

with severe disease on univariate analysis [37, 381. A study from Thailand did not find an 

increased risk of clinical worsening or mortality among hospitalised tuberculosis patients co­

infected with influenza presenting with acute respiratory illness [381. This may suggest that 

chronic lung damage secondary to tuberculosis plays an important role in disease presentation 

and outcome. However, in our analysis we did not have data on radiological changes in the 

lungs to assess whether chronic lung damage was associated with severe outcomes. 

Our study has limitations that warrant discussion. First, whereas we obtained a tuberculosis 

result in 69% of patients admitted with SRI, we may have missed patients with more severe 

illness who died before tuberculosis testing or were too ill to expectorate as patients who 

were tested compared to those not tested were less likely to die during current admission. 

This could have led to underestimation of case-fatality ratios. Second, microbiologic 

confirmation of a diagnosis of tuberculosis is challenging especially in patients who are 

infected with HIV [39
,
401. HIV-infected individuals made up 77% of participants in our study, 

therefore we may have misclassified some cases as not having tuberculosis following a 

negative microbiologic result, leading to potential underestimation of association with severe 

outcome in patients who are co-infected. 

In conclusion, we observed an increased risk of mortality in patients co-infected with 

influenza and tuberculosis, compared to individuals with either tuberculosis or influenza 

alone. This study, using laboratory-confirmed, individual-level data supports the hypothesis 
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from ecological studies suggesting that influenza-tuberculosis co-infection is associated with 

increased mortality. These data may be useful to guide clinicians and policy makers, 

especially in countries with high burden of tuberculosis and limited resources, in making 

decisions on whether influenza vaccines or influenza antivirals should be prioritised for 

tuberculosis patients. 
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Figure 1: Individuals aged ~15 years enrolled in surveillance for severe respiratory 
illness (SRI) and tested for influenza and tuberculosis, Tshepong and Edendale 
Hospitals, South Africa, June 2010-May2016 

Individuals aged ~15 years enrolled in surveillance for severe respiratory illness n= 6228 

Tested for influenza* and TB** n= 4253 (68%) 

A:. TB positive/influenza 

negalive n=l050 (25%) 

Died n=l08 (10.3%) 

Survived n= 925 
(88.1%) 

Unknown outcome 

n= 17 (1.6%) 

Died n =8 (19.0%) 

Survived n=34 (81.0%) 

1------t Tested for influenza only n= 
1896 (30%) 

1------t Tested for TB only n=47 (1%) 

Not tested foe inftuenza and 
~----t TB n= 32 (0.5%) 

C: TB negam,e/influenza 
posilive n=l97 (5%) 

Died n=l0 (5.1%) 

Survived n=l80 
(91.4%) 

Unknown outcome 

n=7 (3.6%) 

D: TB negative/influenza 

negalive n=2964 (70%) 

Died n=299 (10.1%) 

Survived n=2573 
(86.6%) 

Unknown outcome n 
=92 (3.1%) 

TB=tuberculosis;*239 (6%) positive for influenza, **1092 {26%) positive for TB; A & B= included in TB-associated 
mortality analysis; B&C included in influenza-associated mortality 
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Table 1: Demographic and clinical characteristics of individuals aged ~15 years admitted with severe respiratory illness, by tuberculosis 
testing status, at Tshe~ong and Edendale Hos~itals, South Africa, June 2010-May2016 
Characteristic Tested for Unadjusted odds P value Adjusted P value 

tuberculosis ratio (95% CI) odds ratios 
n/N {%} {95% CI} 

Age group (years) 15-24 373/537 (69) Reference Reference 
25-44 2346/3334 (70) 1.0 (0.9-1.3) 0.670 
45-64 1253/1805 (69) 1.0 (0.8-1.2) 0.985 
::::65 322/537(60) 0.7 (0.5-0.8) 0.001 

Sex Male 1986/2837 (70) Reference 
Female 2306/3374 (68) 0.9 (0.8-1.0) 0.159 

History of smoking No 3438/5029 (68) Reference 
Yes 802/1107 (72) 1.2 (1.1-1.4) 0.008 

History of alcohol No 3284/4848 (68) Reference 
Yes 958/1293 (74) 1 .4 ( 1.2-1.6) <0.001 

Site Edendale 1442/2247 (64) Reference 
Tshepong 2857/3980 (72) 1.4 (1.3-1.6) <0.001 1.4 (1.2-1.7) <0.001 

Cough No 156/253 (62) Reference 
Yes 3696/5051 (73) 1.7 (1.3-2.2) <0.001 2.1 (1.5-2.8) <0.001 

Night sweats No 1481/2145 (69) Reference 
Yes 2644/3659 (72) 1.2 (1.0-1.3) 0.009 1.3 (1.1-1.6) 0.001 

Influenza Negative 4013/5823 (69) Reference 
Positive 239/325 (74) 1.3 (1.0-1.6) 0.080 

Viral coinfection No 2994/4342 (69) Reference 
Yes 1258/1806 (70) 1.0 (0.9-1.2) 0.591 

HIV status Negative 945/1407 (67) Reference 
Positive 3134/4445 (71) 1.2 (1.0-1.3) 0.017 

Underlying medical No 3931/5643 (70) Reference 
condition other than Yes 363/570 (64) 0.7 (0.6-0.8) <0.001 
HIV* 
Diabetes No 3812/5432 (70) Reference 

Yes 120/212 (57) 0.5 (0.4-0.7) <0.001 0.5 (0.4-0.8) 0.001 
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Worked in mine 

Pneumococcal 
coinfection** 
Duration of 
symptoms prior to 
admission (days) 
Oxygen 

On antibiotics 

ICU admission 

Duration of 
hospitalisation 
(days) 
Died 

No 2751/3609 (76) Reference 
Yes 351/416 (84) 1.7 (1.3-2.2) 
No 3532/5174 (68) Reference 
Yes 456/605 (75) 1.4 (1.2-1.7) 
'.!:.7 1586/2324 (68) Reference 
>7 2579/3673 (70) 1.1 (1.0-1.2) 

No 2474/3625 (68) Reference 
Yes 1404/1944 (72) 1.2 (1.1-1.3) 
No 166/282 (59) Reference 
Yes 4077/5784 (70) 1.7 (1.3-2.1) 
No 4212/6094 (69) Reference 
Yes 18/32 (56) 0.6 (0.3-1.2) 
<3 715/1087 (66) Reference 
3-7 1802/2503 (72) 1.3 (1.1-1.6) 
>7 1551/2326 (67) 1.0 (0.9-1.2) 
No 3749/5286 (71) Reference 
Yes 433/777 (56) 0.5 (0.4-0.6) 

HIV - human immunodeficiency virus; ICU- intensive care unit, TB-Tuberculosis 

<0.001 

<0.001 

0.107 

0.003 

<0.001 

0.121 

<0.001 
0.603 

<0.001 

1.6 (1.1-2.2) 

1.3 (1.0-1.8) 

1. 1 (0.9-1.5) 
0.8 (0.6-0.9) 

0.5 (0.4-0.6) 

0.007 

0.039 

0.275 
0.036 

<0.001 

•underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, 
coronary artery disease, or heart failure excluding hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, 
chronic renal failure), immunocompromising conditions excluding HIV infection ( organ transplant, immunosuppressive therapy, 
immunoglobulin deficiency, malignancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular 
conditions) or pregnancy. Comorbidities were considered absent in cases for which the medical records stated that the patient had no underlying 
medical condition or when there was no direct reference to that condition 
* * Positive on lytA PCR 
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Table 2: Factors associated with death among hospitalised individuals aged ~15 years with severe respiratory illness testing tuberculosis positive 

at two sentinel surveillance sites, Edendale Hospital and Tshepong Hospital, South Africa, 2010-2016 (n=1075) 

Characteristics 
Case-fatality Univariate analysis Multivariable analysis 
ratio(%) OR (95% CI) P value OR (95% CI) P value 

Demographic characteristics Reference 
Age group (years) 15-24 8/125 (6) Reference 

25-44 69/656 (11) 1.7 (0.8-3.7) 0.161 1.5 (0.7-3.3) 0.286 
45-64 32/258 (12) 2.1 (1.0-4.6) 0.077 1.8 (0.8-4.0) 0.181 

~65 7/36 (19) 3.5 (1.2-10.5) 0.024 3.6(1.2-11.0) 0.026 
Sex Male 71/512 (14) Reference 

Female 45/563 (8) 0.5 (0.4-0.8) 0.002 

Site Edendale 39/301 (13) Reference 
Tshepong 77/774 (10) 0.7 (0.5-1.1) 0.155 

Cough No 3/32 (9) Reference 
Yes l 04/960 (11) 1.2 (0.4-3.9) 0.794 

Night sweats No 39/306 (13) Reference 
No 74/746 (10) 0.8 (0.5-1.1) 0.180 

HIV status Negative 20/168 (12) Reference 
Positive 87/848 (10) 0.8 (0.5-1.4) 0.526 0.9 (0.5-1.6) 0.756 

Underlying medical No 111/1032 (11) Reference 

condition* Yes 5/43(12) 1.1 (0.4-2.8) 0.857 

Diabetes No 113/1056 (11) Reference 
Yes 3/19 (16) 1.6 (0.5-5.5) 0.482 

Smoking No 92/858 (11) Reference 

Yes 24/202 (12) 1.1 (0.7-1.8) 0.635 
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Alcohol No 95/831 (11) Reference 
Yes 21/229 (9) 0.8 (0.5-1.3) 0.333 

Influenza infection No 108/1033 (10) Reference 
Yes 8/42 (19) 2.0 (0.9-4.5) 0.084 2.3 (1.0-5.2) 0.045 

Pneumococcal No 100/922 (11) Reference 
coinfection** Yes 9/73 (12) 1.2 (0.6-2.4) 0.696 
Viral co-infection*** No 92/773 (12) Reference 

Yes 22/269 (8) 0.7 (0.4-1.1) 0.094 
Duration of symptoms ~7 days 20/258 (8) Reference 
prior to admission >7 days 94/786 (12) 1.6 (1.0-2.7) 0.062 1.5 (0.9-2.5) 0.114 
Duration of <3 20/189 (11) Reference 
hospitalisation (days) 3-7 52/480(11) 1.0 (0.6-1.8) 0.925 

>7 42/371 (11) 1.1(0.6-1.9) 0.792 
OR - Odds ratio, CI - confidence interval, HIV - human immunodeficiency virus 

* Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or heart failure excluding 

hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), immunocompromising 

conditions excluding HIV infection ( organ transplant, immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurological 

disease ( cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent 

in cases for which the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that 

condition. 

**Positive on lytA PCR 
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***Co-infection with at least one of parainfluenza virus 1, 2 and 3; respiratory syncytial virus; enterovirus; human metapneumovirus; 

adenovirus; rhinovirus. 
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Table 3: Factors associated with death among hospitalised individuals aged :::,: 15 years with severe respiratory illness and testing influenza 

positive at two sentinel sites, Tshepong and Edendale Hospitals, South Africa, 2010-2016 (n=232) 

Characteristics 
Case-fatality Univariate analysis Multivariable analysis 
ratio(%) OR (95% CI) P value OR (95% CI) P value 

Demographic characteristics 
Age group (years) 15-24 1/19 (5) Reference 

25-44 8/131 (6) 1.2 (0.1-9.9) 0.885 1.0 (0.1-8.9) 0.989 
45-64 6/57(11) 2.1 (0.2-18.8) 0.501 2.5 (0.3-24.3) 0.417 
:::,:65 3/25 (12) 2.5 (0.2-25.7) 0.453 5.1 (0.4-65.9) 0.210 

Sex Male 9/91 (10) Reference 
Female 9/141 (6) 0.6 (0.2-1.6) 0.333 

Site Edendale 3/70 (4) Reference 
Tshepong 15/162 (9) 2.3 (0.6-8.1) 0.205 

Cough No 0/4 (0) Reference 
Yes 15/188(8) 1.0 <0.001 

Night sweats No 8/93 (9) Reference 
Yes 10/127(8) 0.9 (0.3-2.4) 0.846 

HIV status Negative 4/66 (6) Reference 
Positive 14/156 (9) 1.5 (0.5-4.8) 0.470 2.0 (0.5-8.8) 0.337 

Underlying medical No 18/205 (9) Reference 
condition other than Yes 0/26 (0) 1.0 
HIV* 
Diabetes No 17/223 (8) Reference 

Yes 1/7 (14) 2.0 (0.2-17.8) 0.526 
Smoking No 11/189(6) Reference 
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Yes 7/43 (16) 3.1 (1.1-8.7) 0.027 
Alcohol No 15/192 (9) Reference 

Yes 3/40 (8) 0.9 (0.3-3.5) 0.946 
Worked in mine No 8/129 (6) Reference 

Yes 2/9 (22) 4.3 (0.8-24.3) 0.097 
Tuberculosis No 10/190 (5) Reference 

Yes 8/42 (19) 4.2(1.6-11.5) 0.005 4.5 (1.5-13.3) 0.007 
Pneumococcal No 15/179 (8) Reference 
coinfection** Yes 2/33 (6) 0.7 (0.2-3.2) 0.654 
Viral co-infection*** No 14/194 (7) Reference 

Yes 4/36(11) 1.6 (0.4-5.6) 0.608 
Duration of symptoms ~7 days 6/109 (6) Reference 
prior to admission >7 days 12/120 (10) 1.9 (0.7-5.3) 0.213 1.6 (0.6-4.7) 0.355 
Duration of <3 4/54 (7) Reference 
hospitalisation (days) 3-7 9/96 (9) 1.3 (0.4-4.4) 0.682 

>7 4/76 (5) 0.7 (0.2-2.9) 0.618 
OR - Odds ratio, CI - confidence interval, HIV - human immunodeficiency virus 

* Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or heart failure excluding 

hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), immunocompromising 

conditions excluding HIV infection ( organ transplant, immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurological 

disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent 

in cases for which the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that 

condition. 
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**Positive on lytA PCR 

***Co-infection with at least one of parainfluenza virus 1, 2 and 3; respiratory syncytial virus; enterovirus; human metapneumovirus; 

adenovirus; rhinovirus 
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Abstract 

Background: Data on the association between influenza and tuberculosis are limited. We describe the characteristics of 
patients with laboratory-confirmed tuberculosis, laboratory-confirmed influenza and tuberculosis-influenza co-infection. 

Methods: Patients hospitalized with severe respiratory illness (acute and chronic) were enrolled prospectively in four 
provinces in South Africa. Naso/oropharyngeal specimens were tested for influenza virus by real time reverse 
transcriptase polymerase chain reaction. Tuberculosis testing was conducted as part of clinical management. 

Results: From June 2010 through December 2011, 8032 patients were enrolled and influenza testing was conducted 
on 7863 (98%). Influenza virus was detected in 765 (10%) patients. Among 2959 patients with tuberculosis and 
influenza results, 2227 (75%) were negative for both pathogens, 423 (14%) were positive for tuberculosis alone, 
275 (9%) were positive for influenza alone and 34 (1%) had influenza and tuberculosis co-infection. On multivariable 
analysis amongst individuals with symptoms for ?:.7 days, tuberculosis influenza co-infection was associated with 
increased risk of death, (adjusted relative risk ratio (aRRR) (6.1, 95% confidence interval (Cl) 1.6-23.4), as compared 
to tuberculosis only infection. This association was not observed in individuals with symptoms for <7 days 
(aRRR.0.8, 95% Cl 0.1-7.0). 

Conclusion: Tuberculosis and influenza co-infection compared to tuberculosis single infection was associated with 
increased risk of death in individuals with symptoms ?:.7 days. The potential public health impact of influenza 
vaccination among persons with laboratory-confirmed tuberculosis should be explored. 

Keywords: Influenza, Tuberculosis, Co-infection, South Africa 

Background 8.8 million incident cases of tuberculosis globally [2]. 
HIV infection is an important risk factor for tuberculosis, 
and HIV-infected individuals have a 20 times greater risk 
of developing tuberculosis as compared to HIV-uninfected 
individuals [3]. In South Africa, there were an estimated 
390,000 incident cases of tuberculosis in 2011 and 65% 
were co-infected with HIV [l]. 

Despite the availability of efficacious treatment, tubercu­
losis remains the second most common cause of infectious 
disease-related deaths worldwide, after human immuno­
deficiency virus (HIV) and acquired immune deficiency 
syndrome (AIDS) [l]. In 2010, there were an estimated 

- ·---------- --------
* Correspondence: sibongilew@nicd.ac.za; cherylc@nicd.ac.za 
7Centre for Respiratory Disease and Meningitis, National Institute for 
Communicable Diseases (NICO) of the National Health Laboratory Service 

(NHLS), Private Bag X4, Sandringham, 2131 Johannesburg, Gauteng, South Africa 
'School of Public Health, Faculty of Health Science, University of the 

Witwatersrand. Johannesburg, South Africa 
Full Hst of author information is available at the end of the article 

Similarly, despite the availability of effective vaccines, 
influenza virus infection causes substantial annual morbid­
ity and mortality worldwide and in South Africa [4-6]. 
Globally, it is estimated that influenza epidemics result in 
three to five million cases of severe illness, and about 
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250,000-500,000 deaths annually (4]. In 2010 an estimated 
12 million episodes of severe and 3 million episodes of 
very severe acute lower respiratory tract infection resulted 
in hospital admissions in children <5 years worldwide [5]. 
A number of risk factors are described for severe outcomes 
among patients with influenza; these include extremes 
of age, chronic underlying diseases, pregnancy and 
immune-suppression (6). HIV-infected individuals have 
an increased risk of influenza-associated hospitalisations 
and mortality (7). 

While chronic lung diseases are a known risk factor 
for severe outcome due to influenza infection, there are 
few published data on the association between influenza 
and tuberculosis. Review of data from the 1918 influenza 
pandemic suggests that individuals with tuberculosis had 
a disproportionately higher mortality than the general popu­
lation [8,9) and that underlying tuberculosis infection may 
have contributed to the elevated mortality observed in 
young adults (8,10). There is little information about 
the interaction between seasonal or pandemic influenza 
and tuberculosis in recent years. In South Africa, 10% 
of cases that died during the 2009 A(H1Nl)pdm09 pan­
demic were co-infected with tuberculosis (11). In South 
Korea, concurrent tuberculosis and influenza A(HlNl) 
pdm09 infection was reported in 7 immunocompetent 
patients, none resulting in fatal outcome (12). 

We describe the epidemiological and clinical characteris­
tics of patients admitted with laboratory-confirmed tuber­
culosis, influenza and tuberculosis-influenza co-infection 
among patients hospitalized with severe respiratory illness 
(SRI) in South Africa, a country with a high prevalence of 
HIV. 

Methods 
Study design 

We conducted prospective hospital-based active surveillance 
for Severe Acute Respiratory Illness (SARI) surveillance 
at 6 public hospitals in 4 surveillance sites situated across 
the country: Chris Hani Baragwanath Academic Hospital 
(CHBAH), Gauteng Province; Edendale Hospital, KwaZulu­
Natal Province; the two hospitals of the Klerksdorp­
Tshepong Hospital Complex (KTHC), Northwest Province; 
and Mapulaneng and Matikwana Hospitals, Mpumalanga 
Province (13]. At each sentinel hospital trained surveillance 
officers screened all admitted patients for surveillance in­
clusion criteria from Monday to Friday, except at CHBAH 
where adult patients were screened on 2 of every 5 days 
per week because of large patient numbers. 

Case definitions 

A case of SARI was defined as a hospitalised individual 
with onset of illness within seven days of admission meet­
ing age-specific clinical inclusion criteria. We included 
children aged two days through <3 months with physician-
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diagnosed sepsis or acute lower respiratory tract infection 
(ALRI), children aged three months through <5 years with 
physician-diagnosed ALRI (including, for example bron­
chitis, bronchiolitis, pneumonia and pleural effusion) and 
patients aged ~5 years meeting a modified W odd Health 
Organization (WHO) case definition for SARI including 
sudden onset of fever (>38°C) or reported fever, cough or 
sore throat, and shortness of breath or difficulty breathing 
(14). In addition expanded case definitions were applied 
at three of the hospitals in two of the surveillance sites, 
(Edendale Hospital and KTHC) to include individuals 
meeting the above case definition but with symptoms 
for > 7 days and individuals with suspected or confirmed 
tuberculosis; these patients were defined as having severe 
chronic respiratory illness (SCRI). For this analysis severe 
respiratory illness (SRI) was used to refer to all enrolled 
patients i.e. patients admitted with an acute or chronic 
respiratory illness. 

The South African National Department of Health tu­
berculosis case definitions were modified to define sus­
pected tuberculosis [15). A suspected tuberculosis case 
in children <12 years was defined as: i) any child present­
ing with a history of exposure to an infectious tuberculosis 
case or with a positive tuberculin skin test and symptoms 
of tuberculosis (chronic cough, weight loss and fever) with 
or without an abnormal chest x-ray suggestive of tu­
berculosis, or ii) admitted with a physician diagnosis of 
tuberculosis or suspected tuberculosis, or iii) initiated 
on tuberculosis treatment on admission; or iv) was on 
tuberculosis treatment for <2 months at the time of admis­
sion. A suspected tuberculosis case in individuals ~12 years 
of age was defined as: i) any patient presenting with night 
sweats, chronic cough, weight loss or haemoptysis lasting 
for >2 weeks, or ii) had a physician diagnosis of tuber­
culosis or suspected tuberculosis, or iii) was initiated 
on tuberculosis treatment on admission, or iv) was on 
tuberculosis treatment for <2 months at the time of 
admission. 

Patients who were on tuberculosis treatment for ~2 months 
at the time of admission were not enrolled into the sur­
veillance programme as cases of suspected or confirmed 
tuberculosis (because we assumed that after two months 
of treatment tuberculosis was no longer the reason for 
their clinical presentation). These patients were, however, 
enrolled if they met the criteria for SARI. The tuberculosis 
status of the enrolled patients was based on results of tu­
berculosis testing at current admission. 

For this analysis, a laboratory-confirmed tuberculosis case 
was defined as an individual with a positive result for 
Mycobacterium tuberculosis on microscopy, culture or 
polymerase chain reaction (PCR) by GeneXpert MTB/ 
RIF test (Cepheid, Sunnyvale, California) from the current 
hospital admission or from a specimen taken within two 
weeks preceding or following the admission. An influenza 
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case was defined as an individual with a positive PCR test 
for influenza. An influenza-tuberculosis co-infection case 
met criteria for both laboratory-confirmed tuberculosis 
and influenza during the same admission. 

Data collection 
A standardized questionnaire was used to collect demo­
graphic and clinical data, medical history of the patient 
and in-hospital outcome. Hospital and intensive care unit 
(ICU) admission and collection of specimens for bacterial 
culture, tuberculosis testing and CD4+ T-cell counts were 
performed according to attending-physician discretion. 

Sample collection and processing 

Respiratory specimens (oropharyngeal and nasopharyngeal 
swabs for patients ~5 years of age or nasopharyngeal 
aspirates for children <5 years of age), were collected and 
placed in 4 ml virus transport medium. Whole blood sam­
ples were collected in EDTA-containing vacutainer tubes 
within 24 hours of hospital admission for the detection of 
Streptococcus pneumoniae and HIV infection. 

After collection, respiratory and blood samples were 
kept at 4°C at the sentinel site, and transported on ice at 
least twice per week to the National Institute for Com­
municable Diseases of the National Health Laboratory 
Services (NICD-NHLS) for testing. 

Detection of respiratory viruses and S. pneumoniae 
Respiratory samples were tested by multiplex real-time 
reverse-transcription polymerase chain reaction (PCR) 
(rRT-PCR) for influenza type A and B, adenovirus, entero­
virus, rhinovirus, human metapneumovirus, respiratory 
syncytial virus and parainfluenza virus types 1-3 (16]. 
The influenza A positive specimens were subtyped using 
the Centers for Disease Control and Prevention (CDC) 
rRT-PCR protocol for detection and characterization of 
influenza. DNA was extracted from whole blood speci­
mens using the MagNA Pure LC 2.0 instrument and DNA 
Isolation kit III for bacteria (Roche, Mannheim, Germany) 
and were tested for the S. pneumoniae lytA gene by a 
quantitative real-time PCR (17]. 

Determination of HIV infection 

HIV status data were obtained from two data sources. 
Some patients had HIV testing requested by admitting 
physicians as part of clinical care. This included HIV 
enzyme-linked immunosorbent assay (ELISA) testing with 
confirmation by ELISA on a second specimen for pa­
tients ~18 months of age and qualitative HIV PCR testing for 
confirmation of HIV-infection status in children <18 months 
of age. In addition, for consenting patients, linked anonymous 
HIV PCR testing for children <18 months of age or ELISA 
for patients ~18 months of age was performed using a dried 
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blood spot or whole blood specimen at the NICD-NHLS 
laboratory. 

Determination of tuberculosis infection 
Testing for M. tuberculosis, including microscopy, culture, 
GeneXpert MTB/RIF test, or a combination of these, was 
undertaken at the discretion of the attending-physician 
and performed at the laboratory serving the hospital 
where the patient presented. Specimens for tuberculosis 
testing were examined by light microscopy for the pres­
ence of acid fast bacilli. Tuberculosis culture was per­
formed using the BACTEC MGIT automated culture 
system (Becton Dickinson, Franklin Lakes, New Jersey). 
Tuberculosis PCR was performed using the Xpert MTB/ 
RIF system (Cepheid, Sunnyvale, California). The GeneX­
pert MTB/RIF is an automated sample processing and 
nucleic acid amplification test for detection of M. 
tuberculosis and is able to detect resistance to rifampi­
cin. The National Department of Health tuberculosis 
treatment guidelines recommended treatment for pa­
tients with positive smears and that patients suspected 
of tuberculosis should have two specimens tested on 
microscopy and if these were negative then a 3rd sample 
should be tested for smear and culture [15]. 

Data analysis 
To identify factors associated with tuberculosis testing, 
tuberculosis positivity and tuberculosis-influenza co­
infection we included both potential determinants for, 
as well as outcomes or characteristics of the primary 
endpoints of the analysis. Univariate comparisons were 
performed using logistic or multinomial regression. In 
addition, we implemented three multivariable models to 
identify factors associated with: (i) tuberculosis testing 
among enrolled patients; (ii) tuberculosis positivity among 
enrolled patients tested for tuberculosis; and (iii) tubercu­
losis single infection compared to influenza single infection 
or tuberculosis-influenza co-infection. The tuberculosis 
testing and positivity models were implemented using 
stepwise forward selection logistic regression. Multinomial 
regression was used for the comparison of tuberculosis 
only, influenza only and tuberculosis-influenza co-infected 
groups and this analysis was performed separately in indi­
viduals with symptoms for <7 days and ~7 days. Multi­
nomial regression allows modelling of outcome variables 
with >2 categories and relates the probability of being in 
category j to the probability of being in a baseline cat­
egory. A complete set of coefficients are estimated for 
each of the j levels being compared with the baseline 
and the effect of each predictor in the model is mea­
sured as relative risk ratio (RRR). For this analysis, we 
used the tuberculosis single infection group as the 
baseline category and compared it with the influenza 
single infection and tuberculosis-influenza co-infection 



Walaza et al. BMC Infectious Diseases (2015) 15:26 

groups and we restricted the analysis to laboratory con­
firmed cases for both influenza and tuberculosis. The gen­
eral form of the multivariable multinomial model with 
dichotomous predictors was as follows: 

p(Yi) - U) Ul Ul 
In-(-) - Po + P1 X1 + ... + Pn Xn + E (1) 

p Y1 

Where p(Y1} is the probability of the outcome variable 
in the base category (tuberculosis single infection) and 
p~) is the probability of the outcome variable in the 
other categories; j represents the two other categories (j = 2: 
influenza single infection; and j = 3: tuberculosis-influenza 

coinfection) that are compared to the base category; pg) is 

the model constant for category j; pf) to p~l are coefficients 
associated with predictors X1 to Xn in category j; and e is 
the error term. 

The model in equation 1 was fitted to any enrolled case 
with available tuberculosis and influenza results irrespect­
ive of duration of symptoms as well as separately among 
individuals with acute (duration of symptoms <7 days) and 
chronic (duration of symptoms '?.7 days) clinical presenta­
tion to specifically assess the clinical characteristics of indi­
viduals within these two groups. In order to allow for 
direct comparison of the final multivariable models for 
acute and chronic patients we elected to retain any variable 
which was significant at 0.05 in either one of these 
models in the final multivariable model. Covariates with a 
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p-value <0.2 at the univariate analysis were assessed for sig­
nificance at the multivariable analysis and statistical signifi­
cance was assessed at p < 0.05 for all models. Statistically 
significant variables were retained in the multivariable 
models. HIV status was retained in the multinomial 
models a priori as this is a potential confounder of the 
interaction between influenza and tuberculosis. Two­
way interactions were assessed by inclusion of product 
terms for all variables remaining in the final additive 
models. The statistical analysis was implemented using 
STATA" version 12 (StataCorp, Texas, USA). 

Ethics 

Ethical approval for the study was obtained from the 
University of the Witwatersrand, Human Research Ethics 
committee (reference M081042) and the University of 
KwaZulu-Natal Biomedical Research Ethics committee 
(reference BF157 /08). The United States Centers for 
Disease Control and Prevention deemed this surveillance 
not to be research and therefore this project did not need 
human subjects review. 

Results 
Patient enrolment and testing 

From June 2010 through December 2011, we enrolled 
8032 patients, and influenza results were obtained from 
7863 (98%) cases {Figure 1). Of these 4077 (52%) were fe­
males and 3291 (42%) were children !SS years. Influenza 

SRI Patients enrolled 

8032 

Tested for influenz 

7863 (98%) 
Not tested for influenza 

169(2%) 

Tuberculosis positiv 
34(11%) 

Died 
4(12%) 

Survived 

30 (88%) 

Influenza positive 

765 (10%) 

Tuberculosis positive 

423 (16%) 

Died 
31 (7%) 

Survived 
391 (92%) 

Unknown 
Outcome 
1 (<1%) 

Influenza negative 
7098 (90%) 

Tuberculosis 
negative 

2227 (84%) 

Died 
151 (6%) 

Survived 
2071 (94%) 

Unknown 
Outcome 
5(<1%) 

Figure 1 Flow chart of patients enrolled into the severe respiratory illness (acute and non acute) surveillance, South Africa 2009-2011. 
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virus was detected in 765 {10%) patients. An influenza sub­
type was characterized from 764 (99.8%) influenza positive 
samples, including 219 (29%) influenza A(H1Nl)pdm09, 
195 {25%) A{H3N2) and 350 {46%) influenza B. Among 
patients with available influenza results, 2959 (38%) were 
tested for tuberculosis during admission. Of these, 69% 
(2029) and 31% (930) met the SARI and SCRI case defini­
tions, respectively. HIV results were available for 2739 
(93%) of 2959 patients with available tuberculosis results 
and 1877 (69%) were HIV-infected. Among influenza 
tested patients with available data <1% (6/7863) received 
oseltamivir and <1% (4/7857) were vaccinated against in­
fluenza. Two percent {179/7863) of enrolled patients with 
results for influenza and 2% (49/2959) of those tested for 
influenza and tuberculosis were already receiving tubercu­
losis treatment at time of current admission. 

Factors associated with tuberculosis testing on admission 
Among patients with available influenza results, on mul­
tivariable analysis factors associated with tuberculosis 
testing were age ?.5 years, with the highest proportion 
tested {56%, 1378/2473) in the 25-44 age group (adjusted 
odds ratio (aOR) 3.5, 95% CI 3.0-4.2) as compared to 
age <5 years, HIV infection (aOR 1.5, 95% CI 1.3- 1.7), 
symptom duration ?.7 days (aOR 1.3, 95% CI 1.1-1.5), 
hospitalisation duration >7 days (aOR 1.3, 95% CI 1.1- 1.4), 
requiring oxygen therapy (aOR 1.2, 95% CI 1.0-1.3) and 
antibiotic (aOR 1.9, 95% CI 1.4-2.5) or tuberculosis (aOR 
1.2, 95% CI 1.0-1.4) treatment started during current 
admission {Table 1). The proportion of patients tested 
for tuberculosis was similar for patients testing influenza­
positive and influenza-negative and for those who died 
in-hospital and those who survived. 

Factors associated with laboratory-diagnosed tuberculosis 

Among 2959 patients with available tuberculosis and in­
fluenza results, 15% (457 /2959) tested positive for tuber­
culosis on the current admission and 2% (10/457) of these 
were receiving tuberculosis treatment at time of current 
admission. The highest percentage testing tuberculosis 
positive was in the 25-44 years age group {18%, 249/1378) 
(Table 2). Of the patients testing positive for tuberculosis, 
332 (73%) were positive on microscopy only. The tubercu­
losis detection rate was 10% among those with symp­
toms for <7 days and 25% among those with symptoms 
for ?.7 days. Of the 457 laboratory-confirmed tuberculosis 
cases, 198 (43%) and 259 (57%) met the SARI and SCRI 
case definitions respectively. On multivariable analysis, 
patients with laboratory-diagnosed tuberculosis were less 
likely to be co-infected with S. pneumoniae (aOR 0.5, 95% 
Cl 0.3-0.9) and to have received oxygen therapy (aOR 0.7, 
95% CI 0.5- 0.9). They were more likely to be admitted at 
KTHC as compared to CHBAH (aOR 1.9, 95% CI 1.4-2.6) 

Page 5 of 13 

and to be started on tuberculosis treatment at current ad­
mission (aOR 4.6, 95% CI 3.5-6.0) {Table 2). 

HIV results were available for 93% (424/457) of 
tuberculosis-positive and 92% (2315/2502) of tuberculosis­
negative individuals. Of these, 335 (79%) of tuberculosis­
positive and 1542 (67%) of tuberculosis-negative indi­
viduals were HIV infected. Amongst tuberculosis-positive 
patients tested for HIV, age-specific HIV prevalence were 
36% (15/42), 79% (35/44), 95% (222/234), 65% (58/89), 
33% (5/15) in the <5 years, 5-24 years, 25-44 years, 45-
64 years and ?.65 years age groups, respectively. Amongst 
tuberculosis-negative patients tested for HIV, age-specific 
HIV prevalence were 19% (78/417), 71% (147/206), 
89% (966/1081), 65% {325/502) and 24% {26/109) in 
the <5 years, 5-24 years, 25-44 years, 45-64 years 
and ?.65 years age groups, respectively. 

Factors associated with tuberculosis and influenza 

infection 

Among the 2959 patients with available tuberculosis and 
influenza results, 2227 (75%) were negative for both path­
ogens, 423 {14%) were positive for tuberculosis alone, 275 
(9%) were positive for influenza alone and 34 (1%) had 
influenza and tuberculosis co-infection. Tuberculosis 
treatment was being received at the time of admission 
for 2% (n = 10) of patients positive for tuberculosis only 
and <l % (n = 2) of patients positive for influenza only. 
None of the patients with influenza and tuberculosis 
co-infection were on tuberculosis treatment at the time 
of admission. 

On multivariable analysis adjusting for age group, pa­
tients infected with influenza only compared to patients 
with tuberculosis only were less likely to be HIV infected 
(adjusted relative risk ratio (aRRR) 0.6, 95% CI 0.4-0.9), 
to present with duration of symptoms ?.7 days (aRRR 0.3, 
95% CI 0.2-0.4), to be admitted for longer than 7 days 
(aRRR 0.6, 95% CI 0.4-0.9) while they were more likely to 
be started on oxygen therapy (aRRR 1.9, 95% CI 1.3-2.8) 
(Table 3). Patients co-infected with tuberculosis and influ­
enza compared to patients with tuberculosis only were less 
likely to present with symptoms ?.7 days (aRRR 0.3, 95% 
CI 0.1-0.7), but were at increased risk of death (aRRR 3.1, 
95% CI 1.1-10.1). 

Of the 720 patients testing positive for influenza and/or 
tuberculosis, 384 (53%) presented with symptom dur­
ation <7 days. Of these, 166 {43%) were positive for tu­
berculosis alone, 194 (50%) were positive for influenza 
alone and 24 (6%) had tuberculosis-influenza co­
infection. Of the 336/720 (47%) patients testing posi­
tive for influenza and/or tuberculosis with symptom 
duration ?.7 days, 246 (73%) were positive for tubercu­
losis alone, 81 (24%) were positive for influenza alone 
and 9 (3%) had tuberculosis-influenza co-infection. 
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sites in South Africa, June 2010- December 2011 ii, 
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Characteristic Tested for tuberculosis Unadjusted odds P value Adjusted odds P value ~ 

n/N (%) ratio (95% Cl) ratios (95% Cl) 
c:, ,... 
"' Age group (years) 0-4 571/3291 (17) Reference Reference s: r, 

5-24 270 /587 (46) 4.05 (3.4-4.9) <0.001 3.3 (2.6-4.1) <0.001 s-
ii:' ,.., 

25-44 1378/2473 (56) 5.99 (5.3-6.8) <0.001 3.5 (3.0-4.2) <0.001 a· 
45-64 611/1197 (51) 4.96 (4.3-5.7) <0.001 3.2 (2.7-3.8) <0.001 

S; 
C, 
.;;· 

;,:65 129/315 (39) 3.30 (2.6-4.2) <0.001 2.6 (2.0-3.4) <0.001 ~ 
"' "' Sex Female 1664/4077 (41) Reference "' 
~ 

Male 1295/3786 (34) 0.8 (0.7-0.8) <0.001 =l 
~ 

Site Chris Hani Baragwanath 1618/4437 (36) Reference Reference V, 

Mapulaneng & Matikwana 144/749 (19) 0.4 (0.3-0.5) <0.001 0.4 (0.3-0.5) <0.001 
;_:, 

°' 
Edendale 385/1156 (33) 0.9 (0.8-0.99) 0.046 0. 7 (0.6-0.8) <0.001 

Klerksdorp/Tshepong 812/1521 (53) 1.99 (1.8-2.2) <0.001 1.1 (0.95-1.3) 0.152 

Influenza Negative 2650/7098 (37) Reference 

Positive 309/765 (40) 1.1 (0.9-1.3) 0.097 

HIV status Negative 862/3410 (25) Reference Reference 

Positive 1877/3523 (53) 3.4 (3.0-3.7) <0.001 1.5 (1.3-1.7) <0.001 

Underlying medical condition* No 2652/7041 (38) Reference 

Yes 307/821 (37) 0.98 (085-1.14) 0.879 

Duration of symptoms prior to admission (days) <7 1884/5957(32) Reference Reference 

;;:7 1012/1765 (57) 2.9 (2.6-3.2) <0.001 1.3 (1.1-1.5) 0.003 

Concurrent invasive bacterial infection** No 653/1832 (36) Reference 

Yes 24/46(52) 1.96 (1.1- 3.5) 0.023 

Pneumococcal No 2435/6284 (39) Reference 

Infection••• Yes 214/434 (49) 1.5 (1.3-1.9) <0.001 

Receiving tuberculosis treatment at time of admission No 158/292 (54) Reference <0.001 

Yes 49/179 (27) 0.3 (0.2-0.5) 

Started on treatment for tuberculosis No 2301/6716 (34) Reference Reference 

Yes 647 /1108 (58) 2.7 (2.4-3.1) <0.001 1.2 (1.0-1.4) 0.036 
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Table 1 Demographic and clinical characteristics of patients admitted with severe respiratory illness (acute and chronic), by tuberculosis testing status at four 
sites in South Africa, June 2010- December 2011 (Continued) 

Antib·1otics prescribed No 77/332 (23) 

Yes 2877/7515 (38) 

Oxygen therapy No 1869/5145 (36) 

Yes 1086/2698 (40) 

ICU admission No 2936/7772 (38) 

Yes 15/65 (23) 

Duration of hospitalisation (days) S7 1913/5666 (34) 

>7 1029/2143 (48) 

Died No 2757/7321 (38) 

Yes 195/509 (38) 

HIV - human immunodeficiency virus; ICU- intensive care unit, TB-Tuberculosis. 

Reference 

2.1 (1.6-2.7) <0.001 

Reference 

1.2 (1.1-1.3) 0.001 

Reference 

0.5 (0.3-0.9) 0.D17 

Reference 

2.9 (2.6-3.2) <0.001 

Reference Reference 

1.02 (0.9-1.2) 0.769 

Reference 

1.9 (1.4-2.5) 

1.2 (1.0-13) 

Reference 

1.2 (1.1-1.4) 

<0.001 

O.Dl8 

0.002 

*Underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or heart failure excluding hypertension), liver disease 
(cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitus, immunocompromising conditions excluding HIV infection (organ transplant, lmmunosuppressive therapy, 
immunoglobulin deficiency, malignancy), neurological disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
**Concurrent invasive bacterial infections were defined as a bacterial pathogen isolated from blood, cerebrospinal fluid or another sterile site from a specimen taken within 48 hours of hospitalisation; organisms 
viewed as likely contaminants were excluded. 
***Pneumococcal co-infection (lyt A PCR positive for Streptococcus pneumoniae on blood specimen). 
Other variables evaluated but not presented in the table because they were not significant on univariate analysis were, Oseltamivir treatment prescribed and smoking and alcohol intake for patients ;,,12 years. 
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Table 2 Demographic and clinical characteristics associated with laboratory-confirmed tuberculosis among patients 
admitted with severe respiratory illness (acute and chronic) that were tested for tuberculosis and influenza at four 
sites in South Africa, June 2010- December 2011 

Characteristic Laboratory confirmed Unadjusted odds P value Adjusted odds P value 
tuberculosis n/N (%) ratio (95% Cl) ratios (95% Cl) 

Age group (years) 0-4 55/571 (10) Reference Reference 

5-24 47/270 (17) 1.97 (1.3-3.0) 0.001 1.36 (0.8-2.3) 0.233 

25-44 249/1378 (18) 2.1 (1.5-2.8) <0.001 1.37 (0.9-2.06) 0.120 

45-64 90/611 (15) 1.6 (1.1-2.3) 0.008 1.11 (0.7-1.7) 0.628 

65+ 16/129 (12) 1.3 (0.7-2.4) 0.348 0.94 (0.5-1.9) 0.872 

Site Chris Hani Baragwanath 141/1618 (9) Reference Reference 

Mapulaneng & 23/144 (16) 1.99 (1.2-3.2) 0.005 1.4 (0.8-2.3) 0.228 
Matikwana 

Edendale 49/385 (13) 1.5 (1.1-2.2) 0.016 0.9 (0.6-1 .4) 0.668 

Klerksdorp/T shepong 244/812 (30) 4.5 (3.6-5.6) <0.001 1.9 (1.4-2.6) <0.001 

Influenza status Negative 423/2650 (16) Reference 

Positive 34/309 (11) 0.7 (0.5-0.9) 0.023 

HIV status Negative 89/862 (10) Reference 

Positive 335/1877 (18) 1.9 (1.5-2.4) <0.001 

Underlying medical condition* No 426/2652 (16) Reference 

Yes 31/307 (10) 0.6 (0.4-0.9) 0.007 

Duration of symptoms prior to <7 190/1884 (10) Reference 
admission 

?.7 255/1012 (25) 3.0 (2.4-3.7) <0.001 

Pneumococcal co-infection on PCR** No 400/2435 (16) Reference Reference 

Yes 18/214(8) 0.5 (0.3-0.8) 0.003 0.5 (0.3-0.9) 0.016 

Oxygen therapy No 337/1869 (18) Reference Reference 

Yes 120/1086 (11) 0.6 (0.4-0.7) <0.001 0.7 (0.5- 0.9) 0.007 

Receiving TB treatment at time of No 25/158 (16) Reference 
admission 

Yes 10/49 (20) 1.4 (06-31) 0.456 

Started on TB treatment No 205/2301 (9) Reference Reference 

Yes 251/647 (39) 6.5 (5.2-8 0) <0.001 4.6 (3.5-6 0) <0.001 

Duration of hospitalisation (days) SY 279/1913 (14) Reference 

>7 174/1029 (17) 1.2 (0 96-1 .6) 0.096 

Season Summer 57/366 (15) Reference 

Autumn 78/449 (17) 1.1 (0.8-16) 0.492 

Winter 178/1027 (17) 1.1 (0.8-1.6) 0.441 

Spring 144/1117 (13) 0.8 (06-1.1) 0.194 

Died No 421/2757 (15) Reference 

Yes 35/795 (18) 1.2 (0.8-1.8) 0.318 

HIV - human immunodeficiency virus; ICU- Intensive Care Unit, TB-Tuberculosis, Cl - confidence interval. 
Analysis includes 2029 individuals with severe acute respiratory illness and 930 with severe chronic respiratory illness. 
·underlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or 
heart failure excluding hypertension), liver disease {cirrhosis or liver failure), renal disease {nephrotic syndrome, chronic renal failure), diabetes mellitus, 
immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurological 
disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
**/yt A PCR positive for Streptococcus pneumoniae on blood specimen. 
Other variables that were evaluated but not presented in the table because they were not significant on univariate analysis were sex, influenza type, concurrent 
bacterial infection, antibiotic prescribed on admission, admission to intensive care unit, and smoking and alcohol intake for patients ;,12 years. 



Walaza et al. BMC Infectious Diseases (2015) 15:26 Page 9 of 13 

Table 3 Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only in patients admitted with severe respiratory illness (acute and chronic) and tested for tuberculosis and 
influenza at four sites in South Africa, June 2010- December 2011 
Variables Laboratory confirmed influenza Laboratory confirmed 

tuberculosis-influenza 
co-infection 

Laboratory 
confirmed 
tuberculosis 
Reference• n/N (%) ARRRc (95% Cl) n/N {%) ARRRC 

(95%(1) 

Age group (years) 

Sex 

Site 

HIV status 

Underlying medical 
conditionsd 

Q-4 

5-24 

25-44 

45-64 

65+ 

Female 

Male 

47 /423 (11) 46/275 (1 O) Reference Reference 

44/423 (10) 28/275 (11) 0.6 (0.3-1.2) 1.3 (0.6-2.9) 

231/423 (55) 121/275 (44) 0.5 (0.3-0.8) 1.5 (0.8-2.8) 

86/423 (20) 57/275 (21) 0.7 (0.4-1.1) 1.3 (0.7-2.5) 

15/423 (3) 23/275 (8) 1.6 (0.7-3.4) 3.9 (1.6-9.8) 

247/423 (58) 176/275 (64) Reference 

176/176 (42) 99/275 (36) 0.8 (0.6-1.1) 

Chris Hani 124/423 (29) 169/275 (61) Reference 
Baragwanath 

Mapulaneng & 21/423 (5) 
Matikwana 

11/275 (4) 0.4 (0.2-0.8) 

Edendale 

Klerksdorp/ 
Tshepong 

48/423 (11) 22/275 (8) 0.3 (0.2-0.6) 

230/423 (54) 73/275. (27) 0.2 (0.2-0.3) 

82/392 (21) 99/257 (39) Reference Reference Negative 

Positive 310/392 (79) 158/257 (61 0.4 (0.3-0.6) 0.6 (0.4-0.9) 

No 394/423 (93) 240/275 (87) Reference 

Yes 29/423 (7) 35/275 (13) 1.98 (1.2-3.3) 

Duration of symptoms prior <7 166/412 (40) 194/275 (71) Reference Reference 
to admission 

Pneumoccocal co-infection 
on PCR• 

Oxygen therapy 

Tuberculosis treatment 

Hospital duration (days) 

Died 

?.7 

No 

Yes 

No 

Yes 

No 

Yes 

>7 

No 

Yes 

246/412 (60) 81/275 (29) 0.3 (0.2-0.4) 0.4 (0.2-0.4) 

371/388 (96) 

17/388 (4) 

233/246 (95) Reference 

13/246 (5) 1.2 (0.6-26) 

313/423 (74) 158/275 (57) Reference 

Reference 

Reference 

110/423 (26) 117/275 (43) 2.1 (1.5-2.9) 1.9 (1.3-2.8) 

185/422 (44) 243/274 (89) Reference 

237/422 (56) 31/274 (11) 0.1 (0.1-0.2) 

257/420 (61) 198/274 (72) Reference 

163/420 (39) 76/274 (28) 0.6 (0.4-0.8) 0.6 (0.4-0 9) 

391/422 (73) 265/274 Reference Reference 

31/422 (7) 9/274 0.4 (0.2-0 9) 0.5 (0.2-1.1) 

8/34 (22) Reference Reference 

3/34 (9) 0.4 (0.1-1.6) 0.5 (0.1-2.5) 

18/34 (53) 0.5 (0.2-1.2) 0.5 (0.2-1.7) 

4/34 (1 2) 0.3 (0.1-0.9) 0.3 (0.1-2.5) 

1/34 (3) 0.3 (0.04-3.4) 9.53e-07 

20/34 (59) Reference 

14/34 (41) 1.0 (0.5-1.9) 

1 7 /34 (SO) Reference 

2/34 (6) 0.7 (0.1-3.2) 

1/34 (3) 0.2 (0.01-1.2) 

14/34 (41) 0.4 (0.2-0.9) 

7 /32 (22) Reference Reference 

25/32 (78) 0.9 (0.4-2.3) 1.6 (0.5-4.9) 

32/34 (94) Reference 

2/34 (6) 0.8 (02-3.7) 

24/33 (73) Reference Reference 

9/33 (27) 0.3 (0.1-0.6) 0.3 (O.Hl.7) 

29/30 (97) 

1/30 (3) 0.8 (0.1-5.8) 

24/34 (71) Reference Reference 

1 0/34 (29) 1.2 (0.5-2.6) 0.97 (0.4-2.3) 

20/34 (59) Reference 

14/34 (41) 0.5 (0.3-1.1) 

22/33 (67) Reference Reference 

11 /33 (33) 0.8 (0.4-17) 0.7 (0.3-1.5) 

30/34 (88) Reference Reference 

4/34 (12) 17(06-51) 3.2 (1.1-100) 

"Tuberculosis only group used as reference for multinomial model analysis {i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co­
infection to tuberculosis only group). 
bUnadjusted relative risk ratio (RRR) at multivariable analysis. 
'Adjusted relative risk ratio {ARRR) at multivariable analysis. 
dUnderlying conditions included any of the following: Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or 
heart failure excluding hypertension), liver disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitus, 
immunocompromising conditions excluding HIV infection (organ transplant, immunosuppressive therapy, immunoglobulindeficiency, malignancy), neurological 
disease (cerebrovascular accident, spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Comorbidities were considered absent in cases for which 
the medical records stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
'lyt A PCR positive for Streptococcus pneumoniae on blood specimen. 

The median duration of symptoms was 2 (range 0-6) 
and 14 (7-195) days in patients presenting with symp­
toms <7 days and ?.7 days respectively. 

On multivariable analysis, among patients presenting 
with symptoms <7 days, patients with influenza only 

compared to patients with tuberculosis only were less 
likely to be admitted for > 7 days (aRRR 0.4, 95% CI 0.3-
0.7). No differences were found in patients co-infected 
with tuberculosis and influenza compared to patients with 
tuberculosis only and there was no increased risk of death 
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Table 4 Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only among patients presenting with symptoms duration <7 days admitted with severe respiratory illness 
and tested for tuberculosis and influenza at four sites in South Africa, June 2010-2011 
Variables Laboratory confirmed Laboratory confirmed influenza Laboratory confirmed tuberculosis-influenza 

tuberculosis Reference• co-infection 

n/N (%) ARRRb P-value n/N (%) ARRRb P-value 

Duration of symptoms <7 100/165 (61) 148/194 (76) Reference 6/9 (67) Reference 

?.7 days 65/165 (39) 46/194 (24) 0.4 (0.3-0.7) 0.001 3/9 (33) 0.5 (0.2-1.5) 0.240 

HIV status Negative 46/148 (31) 74/179(41) Reference 5/22 (23) Reference 

Positive 102/148 (69) 1 05/ 1 79 (59) 0.8 (0.5-1.2) 0.280 17/22 (77) 1.6 (0.5-4.7) 0.404 

Oxygen therapy No 101/166 (61) 1 08/194 (56) Reference 17/24 (71) Reference 

Yes 65/166 (39) 86/194 (44) 1.4 (0.9-2.3) 0.141 7/24 (29) 0.7 (0.3-2.0) 0.560 

Died No 157/166 (95) 191/194 (98) 0.5(0.2-1.5) 24/24 (96) Reference 

Yes 9/166 (5) 3/194 (2) 0.2 (0.04-1.2) 0.081 1/24 (4) 0.98 (0.1-86) 0.986 

HIV - human immunodeficiency virus. 
'Tuberculosis only group used as reference for multinomial model analysis (i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co-infection to 
tuberculosis only group). 
bAdjusted relative risk ratio (ARRA) at multivariable analysis. 

in influenza tuberculosis co-infected individuals (aRRR 
0.8, 95% CI 0.1-8.6) (Table 4). 

On multivariable analysis among patients presenting with 
symptoms ?.7 days, patients with influenza only compared 
to tuberculosis only were less likely to be HIV-infected 
(aRRR 0.4, 95% CI 0.2-0.7) and more likely to receive 
oxygen (aRRR 1.7, 95% CI 1.7-5.4). Patients co-infected 
with tuberculosis and influenza as compared to patients 
with tuberculosis only were at increased risk of death 
(aRRR 5.5, 95% CI 1.2-25.3) (Table 5). 

Discussion 
We describe an increased risk of death associated with in­
fluenza co-infection among patients with symptoms ?.7 days 
hospitalized with laboratory-confirmed tuberculosis in 

South Africa. Mortality was not increased in patients 
co-infected with influenza and tuberculosis presenting 
with a more recent symptom onset. This suggests that 
influenza infection may contribute to a proportion of 
the mortality burden amongst patients with tuberculosis, 
in particular amongst those with a longer duration of 
symptoms. Because influenza illness is considered to be an 
acute infection it is possible that it is not considered as 
a possible diagnosis in patients with longer duration of 
symptoms. Both influenza and tuberculosis should be 
considered and tested for among patients hospitalized 
with pneumonia in settings with high tuberculosis preva­
lence such as South Africa. Based on the findings of this 
study our surveillance programme has been amended at 
two sites to include systematic testing for tuberculosis 

Table S Factors associated with influenza infection and tuberculosis-influenza co-infection compared with tuberculosis 
infection only among patients admitted with severe respiratory illness presenting with symptoms duration ~7 days 
and tested for tuberculosis and influenza at four sites in South Africa, June 2010- December 2011 
Variables Laboratory confirmed Laboratory confirmed influenza Laboratory confirmed tuberculosis-influenza 

tuberculosis Reference• co-infection 

n/N(%) ARRRb P-value n/N (%) ARRRb P-value 

Hospital duration <7 150/244 (61) 50/80 (62.5) Reference 6/9 (67) Reference 

?.7 days 94/244 (39) 30/80 (37.7) 0.99 (0.6-1.7) 0.991 3/9 (33) 0.6 (0.1-2.7) 0.520 

HIV status Negative 34/233 (83) 25/78 (32) Reference 1/9 (11) Reference 

Positive 199/233 (17) 53/78 (68) 0.4 (0.2-0. 7) 0.002 8/9 (89) 2.2 (0.2-205) 0.486 

Oxygen therapy No 203/246 (83) 50/81 (62) Reference 6/9 (67) Reference 

Yes 43/246 (17) 31/81 (38) 3.0 (17-5.5) <0.001 3/9 (33) 2.1 (0.5-9.3) 0.315 

Died No 224/245 (91) 74/80 (92.5) Reference 6/9 (67) Reference 

Yes 21/245 (9) 6/80 (7.5) 0.54 (0.2-1.5) 0.875 3/9 (33) 5.48 (12-25.4) 0.029 

HIV - human immunodeficiency virus. 
'Tuberculosis only group used as reference for multinomial model analysis (i.e. comparing influenza only to tuberculosis only and tuberculosis-influenza co­
infection to tuberculosis only group). 
bAdjusted relative risk ratio (ARRR) at multivariable analysis. 
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in patients admitted with severe respiratory illness. In 
addition, we suggest that where possible tuberculosis 
testing should be included in SARI programmes in 
Sub-Saharan Africa where HIV prevalence is high. 

A recent study from Thailand did not identify an in­
creased risk of severe outcomes or mortality in patients 
co-infected with tuberculosis and seasonal influenza when 
compared to tuberculosis and influenza single infection 
[18]. The number of patients co-infected with influenza 
and tuberculosis in this study were, however, small, and 
patients with a more chronic presentation were not en­
rolled in the surveillance system. Similar to the findings 
of our study, ecological and record review studies have 
reported elevated mortality among tuberculosis-infected 
individuals during previous influenza pandemics [9,10,19) 
and 10% of A(H1Nl)pdm09 laboratory-confirmed deaths 
in South Africa in 2009, were co-infected with tubercu­
losis (ll]. 

In patients presenting with longer duration of symptoms, 
tuberculosis may have caused lung damage leading to re­
duced lung capacity and thus impairing the ability to cope 
with viral infections such as influenza and potentially in­
creasing the severity of illness associated with influenza 
virus infection. In addition, influenza infection impacts 
on antibacterial host defenses by either increased pro­
duction of pro-inflammatory cytokines, causing cell 
damage (20], or due to inadequate pro-inflammatory 
chemokine response (21,22], which could increase sus­
ceptibility to tuberculosis. Lastly, immunosuppression 
induced by influenza virus through production of glu­
cocorticoids (23], production of immunosuppressive cy­
tokines (20] or, suppression of T-cell immunity (24] 
could trigger reactivation of latent tuberculosis and ag­
gravate pulmonary tuberculosis. 

Persons with AIDS experience a significant excess mor­
tality due to influenza infection as compared to HIV­
uninfected individuals (7,25]. The relative risk of M. 
tuberculosis infection among HIV-infected compared 
to -uninfected persons varies between 21-37 depending 
on the country's HIV prevalence (2]. In our study, a high 
proportion of patients with tuberculosis were also HIV­
infected; however the association with increased mortality 
in patients co-infected with tuberculosis and influenza 
virus remained statistically significant even when control­
ling for concurrent HIV infection in the model. 

Despite the high prevalence of tuberculosis in South 
Africa, in our study, only 37% (3018/8032) of patients 
admitted with SRI were tested for tuberculosis. Even 
amongst patients who were initiated on tuberculosis treat­
ment during the current admission, only 58% (656/1123) 
were tested before initiation of treatment. A study con­
ducted in South Africa reported tuberculosis as the most 
common cause (40%) of community acquired pneumonia 
in both HIV-infected and-uninfected patients [26]. A post 
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mortem study in patients dying in hospital found that 
among patients not suspected of having tuberculosis at 
time of death, 42% (40/96) were culture positive for tuber­
culosis and that pneumonia, was the leading admis­
sion diagnosis (25%) in those not suspected of tuberculosis 
[27]. Only 32% of patients with symptom duration 
of <7 days were tested for tuberculosis, as compared 
to 57% in those with a chronic presentation, but amongst 
those tested, 10% had laboratory confirmed-tuberculosis. 
National guidelines for tuberculosis management advise 
screening for tuberculosis in patients presenting with per­
sistent chronic symptoms (cough or fever >14 days) (28], 
however results from a pooled analysis of sensitivity of 
symptoms for active pulmonary tuberculosis, showed that 
in studies from sub-Saharan countries, with high burden 
of HIV, sensitivity of any cough was higher 62% than that 
of chronic cough >2 weeks, 49% [29). Failure to test for 
tuberculosis could lead to delayed or missed diagnosis 
of tuberculosis, an increase in nosocomial tuberculosis 
transmission and missed opportunities to identify drug 
resistance when testing with the GeneXpert assay. Be­
cause of the long duration of tuberculosis treatment and 
possible associated adverse events, a microbiologic diagno­
sis of tuberculosis should be sought wherever possible 
[30). The majority of tuberculosis-positive patients in our 
study were aged >5 years. Microbiological confirmation 
of tuberculosis in children is difficult (14,31-34), because 
childhood tuberculosis tends to be paucibacillary and 
smear negative. This difficulty can be further compounded 
by HIV co-infection. 

Less than 1 % of patients in our study received influenza 
antiviral treatment or influenza vaccination despite being 
recommended in national guidelines (35,36]. The associ­
ation between influenza and tuberculosis seen in our study 
may be different in settings where influenza vaccination 
and antivirals are widely used. In South Africa, while there 
are recommendations for annual influenza vaccination, 
tuberculosis is not specifically listed as an underlying 
co-morbid illness to be targeted for vaccination [37). 
Tuberculosis treatment guidelines do not routinely in­
clude influenza vaccination as part of management [15). A 
randomised controlled study of trivalent inactivated influ­
enza vaccine conducted in HIV-infected adults with 
CD4+ T cell counts >200 µg/ml in South Africa reported 
75% (95% CI 9.2-95.6) efficacy in adults (38]. However, pa­
tients with tuberculosis co-infection or low CD4+ T cell 
counts were not included. Although vaccination remains 
the most effective method to prevent influenza infection, 
tuberculosis infection suppresses immune responses and 
thus vaccine effectiveness may be lower in this patient 
group. There are no published data on the effectiveness of 
influenza vaccination in patients with tuberculosis, par­
ticularly those co-infected with HIV (79% of individuals in 
our study). 
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Our study has limitations that warrant discussion. Firstly, 
we restricted our analysis to patients with tuberculosis 
laboratory results at current admission, and our case 
definition of laboratory-confirmed tuberculosis included 
smear-positive results. As testing for tuberculosis is not 
100% sensitive, especially for extra pulmonary tuberculosis 
which is common in patients with HIV, we may have mis­
classified a proportion of tuberculosis-positive individuals 
as not having tuberculosis; however there is no reason to 
suspect that sensitivity would differ between influenza­
positive and -negative patients. The majority of patients 
with laboratory-confirmed tuberculosis only had micros­
copy results and it is possible that some may have been in­
fected with mycobacteria other than tuberculosis in a high 
HIV prevalence setting such as South Africa. However, 
current South African guidelines recommend initiation of 
tuberculosis treatment based on smear microscopy results 
[11]. Secondly we enrolled acute and chronic cases only at 
two enhanced sites and we didn't systematically test all en­
rolled cases for tuberculosis. The patients tested for tuber­
culosis differed in several characteristics from those not 
tested. These differences in enrolment and testing proce­
dures as well as the low proportion of patients tested for 
tuberculosis may have introduced potential selection bias 
in the population included in the study. Testing all pa­
tients admitted with SRI will improve identification of 
tuberculosis cases and the ability to detect significant 
differences between groups. We did not collect data on 
chest X- ray findings. Availability of data on radiological 
changes in the lungs could have strengthened the evi­
dence in support of our hypothesis regarding changes 
in the lungs resulting in severe outcome in patients 
with underlying tuberculosis co-infected with influenza. 

Conclusion 
In conclusion, we observed an increased risk of death 
among tuberculosis-infected patients co-infected with 
influenza with a symptom history of ?.7 days. The poten­
tial public health impact of influenza vaccination among 
persons with laboratory-confirmed tuberculosis should 
be explored. 
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