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Abstract (Maximum 200 words- now at 199) 

In order to ensure the availability of resources for tuberculosis (TB) and HIV management and 
control, it is imperative that countries monitor and plan for co-infection to identify, treat, and 
prevent TB-HIV co-infection thereby reducing TB burden and increasing healthy life years of 
people living with HIV.  

A systematic review was undertaken to determine the burden of TB-HIV infection in the 
European Union and European Economic Area (EU/EEA). Data on the burden of HIV-infection 
in TB patients and risk factors for TB-HIV co-infection from studies that collected information in 
1996 and later, regardless of the year of initiation of data collection, in EU/EEA were extracted 
and a narrative synthesis presented. 

The proportion of HIV-co-infected TB patients varied from 0 to 15%. Western and Eastern 
countries had higher levels and increasing trends of infection over time compared to Central 
EU/EEA countries. Groups at higher risk of TB-HIV co-infection were males, young adults, 
foreign-born persons, homeless, injecting-drug users and prisoners. 

Further research is needed into the burden and associated risk-factors of co-infection in 
Europe, to help plan effective control measures. Increased HIV testing of TB patients and 
targeted and informed strategies for control and prevention could help curb the co-infection 
epidemic. 

Keywords (6 max, alphabetically listed in full, no abbreviations) co-infection, Europe, Human 
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Introduction Tuberculosis (TB) and HIV are global public health problems with considerable 
interaction. TB has been identified as one of the leading causes of death among HIV-
infected persons(1). People living with HIV/AIDS (PLWHA) infected with Mycobacterium 
tuberculosis are at ten-times greater risk of developing TB compared to HIV-uninfected 
persons(2). Tuberculosis is often difficult to diagnose in a person infected with HIV due to 
the atypical presentation of the disease(3;4). The presence of TB also complicates HIV 
infection through a number of mechanisms including increased viral replication and 
CD4/CD8 cell proliferation(5). In addition, TB-HIV co-infection complicates the management 
of both diseases, with drug interactions, overlapping toxicity profiles, immune reconstitution 
inflammatory syndrome and a high tablet burden required to treat both diseases, which may 
reduce adherence(6). Nevertheless, data suggest that early TB treatment in HIV-infected 
people reduces morbidity and mortality and appropriate treatment regimes are often 
successful(7).  

In order to respond to the increasing commitment to provide comprehensive care and 
support to HIV-infected TB patients, information is needed on the burden of co-infection and 
how this changes over time, particularly among at-risk populations. This information can 
influence policy and help secure resources for preventing, detecting and treating TB-HIV co-
infection. In the European Union/European Economic Area (EU/EEA), information on the 
burden of TB-HIV co-infection and risk groups appears limited. To our knowledge, there are 
no published systematic reviews on this topic. Annual data collection rounds of the European 
Centre for Disease Prevention and Control (ECDC) have estimated levels for 2008 in 
EU/EEA countries to range between 0% of TB cases in Central EU countries to 14.6 % in 
Portugal(8;9) However, 16 of the 30 EU/EEA countries did not report numbers of TB cases 
with HIV infection to ECDC in 2008. We conducted a systematic review to improve 
understanding of TB-HIV co-infection levels and risk factors in EU/EEA countries.   

Methods  

We performed a systematic review of published literature and other sources not commercially 
published or peer-reviewed, such as reports, government and academic data- �grey 
literature�,- which provided information on the burden of TB-HIV co-infection and/or risk factors 
for co-infection in EU/EEA counties in all European languages.  

Search strategy 

Nine academic literature databases were searched, including, Medline; Scopus; BIOSIS; 
EMBASE; CINHAL: web of science; DARE; global health; index to theses; EDLIS, between 
September and October 2009. We included different terms for �TB�, �HIV�, �HIV/AIDS�, and 
�Europe� in a number of European languages (e.g. SIDA, tuberculose, etc). These were 
combined with the following qualifiers: �co-infection�, �coinfection�, �surveillance�, �prevalence�, 
or �incidence�.   
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Google Scholar was used for a general search of the grey literature and the �related topics� 
search on all relevant information was used to maximise findings. Additionally, all EU/EEA 
countries� Ministry of Health/Statistics web sites were searched for TB and HIV reports 
published in the last 10 years, and any reports/manuscripts on TB-HIV co-infection.  We also 
asked ECDC national TB and HIV contacts to identify additional reports or documents on TB-
HIV co-infection for their country in our survey of national contact points(10). While the 
association of TB disease with HIV infection could more appropriately be referred to as �co-
morbidity�, the term �co-infection� is most widely used in the literature and was therefore used 
here to signify the concurrent presence of TB disease with HIV infection. 

The primary concern of the initial search was sensitivity. Specificity was ensured by 
abstract/title and full document review. Relevant studies were obtained without language 
restrictions. 

Inclusion/ exclusion criteria 

Titles and abstracts of all documents identified were screened by one main reviewer (LP) for 
TB-HIV co-infection incidence, prevalence or risk factor data within EU/EEA countries. Second 
reviewers (LD/MK) validated the inclusion process by screening 50% of the titles/abstracts, 
demonstrating that no potential publications were missed. All documents fulfilling the initial 
criteria, and those lacking abstracts, were retrieved in full-text. These were reviewed by one 
main reviewer, with 10% assessed by a second reviewer, identifying no disagreements. All 
documents meeting inclusion criteria for title/abstract review and reporting on 1) the 
number/proportion and/or rate of HIV co-infection among TB cases or 2) risk factors for TB-
HIV co-infection compared to mono-infected HIV or TB cases, or non-diseased persons were 
included.  

Only the most complete and recent information was extracted in instances where there were 
multiple published estimates of the same data to avoid duplication. National publications were 
given precedence over international publications, as these were considered to be closer to the 
source, regardless of differences in data reported. Studies from any non-EU/EEA countries 
were excluded, as were literature reviews, summaries, and case reviews. Studies providing 
data collected before 1996 only were excluded as the aim of this review was to examine 
current trends in co-infection in the post-HAART era. However, publications covering periods 
both before and after 1996 were included to capture as much information as possible. 

Data extraction 

Data were extracted using a pre-defined Excel database by one reviewer, with 10% validation 
by a second reviewer. Information collected included study and participant characteristics, 
numbers and proportions of co-infection and/or risk factors, as well as potential biases and 
points raised in the discussion such as testing/screening methods and coverage assessment 
of co-infection status and other relevant background information. 

Data analysis  
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Estimates of co-infection were expected to differ between countries and data sources (i.e. 
national surveillance and local or hospitals populations). No attempt was therefore made to 
pool data, a descriptive synthesis was undertaken, and recent trends described.  

 

Results  

 
---Figure 1 � Flowchart of inclusion of manuscripts for the primary and secondary outcomes. 
--- 

Following removal of duplicates and initial abstract review we identified 380 papers for full 
text retrieval from 6,632 references in the published and grey literature. After full inspection 
61 documents were included (54 on burden of TB-HIV only, six providing risk factor 
information only, and one presenting both). The full details of the article retrieval process is 
summarised in figure 1. Nine studies provided data on the number of PLWHA co-infected 
with TB, which are not included in this study. 

Study characteristics 

All 55 documents providing information on the burden of TB-HIV co-infection reported 
prevalence of HIV in TB patients, with one also measuring incidence(11).  The majority of 
papers provided national estimates (37/55, 67%), the remaining regional or local. The 
greatest number of studies was from Spain, followed by France. For 19 countries the only 
sources of data were from four international surveillance reports (8;12-14). Information on 
socio-demographic characteristics of patients was provided in 26 studies. 

The seven risk factor studies were from Spain (5/7), France and the Netherlands.  Most were 
longitudinal studies (4/7), one was cross-sectional and two were obtained from surveillance 
studies. The majority of papers (5/7) presented risk factors for co-infection, with PLWHA as 
the baseline population.  

 

Overall burden of TB-HIV co-infection 

---Figure 2- Map of most recent data on proportion of TB patients co-infected with HIV in 
EU/EEA countries. ---(8;13;15-19) 

 

Data on HIV co-infection among TB patients was identified for 23 of the 30 EU/EEA countries. 
The most recent national estimates are shown in Figure 2. Prevalence varied between 0% in 
Bulgaria, Slovenia and Slovakia to 15% in Portugal and Iceland. In general, a very low level of 
co-infection was observed in Central EU/EEA countries. Information on the burden of co-
infection in capital cities was available for four countries. Prevalence was 7.3% in London 
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(2005), 7.5% in Paris (2001), 8.6% in Brussels (2008), and 14.3% in Madrid (2003). Except for 
London, where prevalence was the same as the national average, the co-infected proportion in 
these cities was higher than the national average.  

Trends in TB-HIV co-infection 

---Figure 3- Trends in the prevalence of HIV co-infection in TB patients in EU/EEA countries by 
year of reporting. --- 

 Between 2000 and 2008, Estonia, Latvia, Lithuania, Belgium, Denmark and England and 
Wales, as well as the Czech Republic and Romania reported increasing proportions of HIV co-
infection among TB patients, although in some this plateau in the latest years of observation 
(Figure 3). Data for France is also suggestive of an increase in co-infection, but additional time 
points are required to confirm this. Spain and Portugal show a decline in co-infection levels, 
and Finland may be exhibiting a downward trend.  

 

Characteristics of co-infected cases 

---Figure 4 - Socio-demographic characteristics of co-infected cases compared to mono-
infected TB cases (most recent data). ---(11;15;18;20-28) 
 
Demographic characteristics were reported for few countries, the most recent data is shown in 
Figure 4. The majority of co-infected cases were male and young adults (Figure 4A and B), 
and their proportion was larger than in non co-infected patients. In North-western EU 
countries, cases were mostly foreign-born while in Spain and Italy around 30% were foreign-
born.  

In Spain, a large proportion of co-infected cases were IDU compared to all TB cases 59% vs. 
8% respectively. Although no comparable mono-infected data was available, Latvia showed a 
similarly high proportion of IDU co-infected cases.  

 

---Table 1-Association between age group and TB-HIV co-infection and male gender and 
TB-HIV co-infection. ---(23;29-33) 

---Table 2- Association between CD4 count and TB-HIV co-infection and HIV transmission 
route and TB-HIV co-infection. ---(29-33) 

---Table 3- Association between risk behaviour and TB-HIV co-infection. ---(23;32-34) 
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Risk factors for TB-HIV co-infection 

In the seven papers that statistically examined risk factors for TB/HIV co-infection, 
gender, age, CD4 count at HIV diagnosis, HIV transmission route and TB risk groups 
were most often studied (Tables 1-3). Co-infection was associated with male gender in 
three of five studies (Table 1).Younger adults (aged 25-30 to 45) tended to have a 
higher risk of TB co-infection compared to children and older adults, but this was 
statistically significant in only two of the four relevant studies (Table 1).  

The risk of TB disease was higher in PLWHA who presented with lower CD4 cell 
counts (below 200 cells/mm3) at HIV diagnosis in three studies (Table 2). A fourth 
study among AIDS patients found that TB was more likely to be reported as the AIDS-
defining illness at higher CD4 counts (200-350 cells/mm3) than other AIDS defining 
illnesses.   

Acquiring HIV through injecting drug use was significantly associated with higher risk of 
TB co-infection than acquisition through sexual contact in three of the four studies 
investigating probable route of HIV infection(29;33;35). 

Combinations of risk behaviours and lifestyles, including homelessness, imprisonment, 
alcohol-abuse, sharing syringes and close contact with a TB case, were associated 
with an increased risk of being TB-HIV co-infected (Table 3)..  

Two studies investigated the risk of co-infection by place of birth or citizenship, showing 
contradictory evidence of whether being foreign-born conferred increased risk of co-
infection. One study from France(29), found an increased risk of TB in foreign-born 
PLWHA. Conversely, a Dutch study, demonstrated that TB patients of Asian and 
Eastern EU/EEA citizenship had a decreased risk of HIV diagnosis among TB patients 
compared with Dutch nationals(23). When comparing such data it should be 
considered that the definition of citizenship might vary between countries and the 
ethnic distribution may vary as well. Both studies also looked at area of residence, 
showing a higher risk of co-infection in the urban areas (p<0.001 (23;29).  

 

Discussion  

Published data on the proportion of TB patients co-infected with HIV show levels are 
highest in Iceland and Portugal (15%) and lowest in central EU/EEA countries (<1%). 
Increasing trends were observed in the Baltic States as well as Western EU 
countries, the Czech Republic and Romania. Socio-demographic characteristics and 
risk factors for TB-HIV co-infection were only reported for a handful of countries. In 
these countries males, young adults, IDU, homeless, prisoners, those living in urban 
areas and, in some countries, foreign born persons were at higher risk of co-
infection. 

Strengths and limitations 
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This review used a sensitive approach identifying a large number of publications to 
ensure all information was captured. Although we were not able to check for 
evidence of publication bias, the comprehensive search undertaken minimised the 
potential for missing studies. A limitation is the inherent observational nature of 
surveillance studies associated with biases and confounding. Comments in our 
survey of national HIV and TB contacts to the ECDC suggest that surveillance 
systems may under-represent marginalised populations(9;10). The majority of 
studies presenting data on risk factors and demographic characteristics were 
conducted in Spain, and data were only available for a small number of countries. 
The heterogeneous nature of the populations and infrastructures within the EU/EEA, 
hinder the generalisation of this information to the whole of Europe. Furthermore, 
differences in the design of and populations covered by these studies only allowed 
for a descriptive synthesis of the evidence available. We included both demographic 
data from surveillance reports, and risk factor data from observational studies which 
increases heterogeneity of this data. However because of the limited number of 
observational studies, the demographic information was obtained to strengthen our 
results. Despite these limitations, findings were in agreement with knowledge on risk 
groups for TB and/or HIV separately, and/or studies from outside the EU/EEA, and 
countries with similar populations and infrastructure may be found to have similar risk 
groups. 

This is the first comprehensive overview of this subject in EU/EEA and provides 
useful data for planning and evaluation of control measures. 

Trends in TB-HIV co-infection  

The distribution of co-infection across EU/EEA is in agreement with what is reported 
by ECDC and in our survey of national contacts(8;10). The burden of co-infection 
follows the national prevalence of HIV in these countries(8) and the country-specific 
prevalence of drug users.  Some of the observed time-trends may be due to changes 
in testing activity and reporting practices, and may not represent an increase in the 
true number of HIV-infected TB patients, but in the diagnosed burden. However, it is 
interesting to note that countries such as Spain and Italy with higher levels of co-
infection in IDU and homeless populations, show decreasing rates of TB-HIV co-
infection, while countries with higher levels of HIV-infection in foreign-born people 
had increasing rates. This suggests that the increases in some countries may be 
related to migration and decreases to strengthened control in IDU and homeless 
populations. Further efforts are required to control TB in other parts of the world to 
reduce the risk in migrant populations in these countries. 
HIV prevalence in TB patients was generally higher in capital cities and urban areas 
were found to be associated with an increased risk of co-infection. This is in 
agreement with previous data from non-EU countries(36) and may be related to the 
greater number of high-risk individuals for TB and/ or HIV co-infection in these 
areas(37;38). Urban conditions such as poverty and overcrowding have also long 
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been associated with TB(39;40). Studies of hospital in-patients also tended to show a 
higher prevalence of HIV co-infection than the national average. This is to be 
expected as TB-HIV co-infected patients are more likely to have complex needs, 
drug interactions and toxicities, and are therefore more likely to be in contact with 
hospitals.  

 

Risk factors/groups for TB-HIV co-infection  

The higher risk of co-infection in males found in 4 studies is consistent with the 
observation that both TB(8) and HIV(41) are more common among men in 
Europe(13). This reflects the more prominent transmission of HIV through MSM, and 
via injection drugs, of which a higher proportion of users is male (30, 32).  Co-
infection was more prevalent in the 15-45 age group in 5 studies, reflecting the higher 
proportion of HIV in this group, or more frequent HIV testing in young adult TB cases 
(23,29,31). Five of seven countries where the data were available showed a majority 
of the TB-HIV co-infected patients to be born abroad. These countries have high 
levels of migration from parts of the world with generalised TB and HIV epidemics. 
Countries where the majority of migrants originate from areas with concentrated 
epidemics, for example Spain which receives more migrants from Latin American 
countries, show a different pattern of co-infection. Based on three Spanish studies, 
people living with HIV/AIDS with lower CD4 counts, mainly as a result of late 
diagnosis, were more likely to have TB disease compared to those with a higher CD4 
count (32). Among persons diagnosed with an AIDS defining illness in France, TB 
was diagnosed at higher CD4 cell counts than other AIDS defining illnesses. This is 
consistent with findings that TB occurs earlier in HIV infection than other 
opportunistic diseases (42;43), highlighting the need to monitor PLWHA for TB 
throughout the course of their infection. 

Several countries have highlighted the diversity in the level of co-infection across 
population groups. These findings provide evidence for more robust monitoring of co-
infection in EU/EEA countries to develop targeted strategies to reduce HIV and TB 
infection. Although demographic and clinical data pertaining to persons living with 
HIV and/or TB is available in many countries they are not always reported on. 
Reporting of this information and analysis to determine statistical associations 
between co-infection and demographics analysis of statistics association would 
provide much needed information to tailor effective control strategies. 

 

Clinical implications 

The results of this review highlight how some population groups affected by TB and 
HIV co-infection are particularly vulnerable, suggesting that efforts for identifying, 
treating and raising awareness for both diseases, should be considered by countries 
with high levels of co-infection in these populations. The survey of TB and HIV 
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contact points shows limited overlap in risk groups targeted for TB and for HIV 
screening; IDUs and prisoners are screened for both infections in eight countries, 
and migrants in nine(10). In order to capture and effectively treat all co-infected 
patients, some countries with higher co-infection burdens might benefit from 
screening risk groups for both infections. In addition, various studies have shown that 
many TB patients are not tested for HIV(10;44-46). Further improvements in offering 
HIV testing to all TB patients as recommended by WHO are needed(47).  
 

Conclusion 

Co-infection levels in EU/EEA countries ranged from 0 to 15% and were in the same 
range as those reported from comparable parts of the world, (e.g. the United States 
12% HIV-positive TB cases in 2007, Canada (5.7%) Australia (3.2%) and Japan 
(0.5%) (48-51). The increasing levels observed in a number of EU/EEA countries are 
concerning, efforts to scale up control of both infections as well as further monitoring 
of the trends of co-infection are therefore required.  

Men, young adults, foreign-born people, those living in urban areas, as well as injecting 
drug users, homeless and prisoners were identified as higher risk groups for TB-HIV 
co-infection. The information obtained in this review indicates that a diverse and varied 
approach is required to deal with the burden and population groups at risk of TB-HIV 
co-infection in EU/EEA countries. Greater use of available demographic and clinical 
data, as well as further, standardised, Europe-wide research would help increase our 
understanding of co-infection risk.  
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Figure 3- Trends in the prevalence of HIV co-infection in TB patients in EU/EEA 
countries by year of reporting. 
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Strong variations in the data for Cyprus, Iceland, Malta and Slovenia (not shown) are likely to be due to the small numbers of TB and HIV cases reported 
annually (8;41) can be found. 
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Figure 4 - Socio-demographic characteristics of co-infected cases compared to 
mono-infected TB cases (most recent data). 
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All data is from surveillance apart for [60], from a cross‐sectional study in more than one hospital in Madrid; * unknown category not included; ** High TB prevalence 
countries include those in Sub‐Saharan Africa, South east Asia and eastern Europe. Low TB prevalence countries include industrialised countries; 
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