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Abstract

Objective(s): To describe the epidemiology of Pneumocystis carinii pneumonia (PCP), pulmonary tuberculosis (PTB) and recurrent bacterial pneumonia (RBP) as AIDS-defining illnesses (ADI) in Europe.

Design: Analysis of AIDS surveillance data collected in the World Health Organization European region by EuroHIV, Saint Maurice, France.

Methods: Adult AIDS cases notified between 1993 and 2000 were studied. Since AIDS diagnosis may be constituted by up to four concurrent illnesses, polytomous logistic regression odds ratios (OR) and 95% confidence intervals (CI) were computed. Time trends and correlates of PCP, PTB or RBP were assessed.

Results: There were 181 296 ADI among the 142 447 AIDS cases included in this study. PCP was the commonest ADI in western Europe (17.8%) and PTB (20.4%) was the commonest ADI in eastern Europe. Within western Europe, PTB was more common in the south than in the north (OR, 1.5) and increased steadily over time. RBP increased until 1998 (from 1.9% to 3.7%) and thereafter declined. Young age was associated with an excess risk for PTB and, in comparison with heterosexuals, homosexual men were at higher risk for PCP (OR, 1.3). Injecting drug users (IDU) (OR, 2.8; 95% CI, 2.6–3.1) and recipients of blood (OR, 1.7; 95% CI, 1.4–2.2) were at increased risk for RBP.

Conclusions: This analysis highlighted the continuing importance of PCP and the increasing importance of PTB as an ADI in western Europe, and it emphasized the need to investigate more thoroughly the vast epidemic of AIDS-associated PTB in eastern Europe. IDU and recipients of blood should be considered as target groups for vaccination against RBP.
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Introduction

Pneumocystis carinii pneumonia (PCP) still constitutes a very common AIDS-defining illness (ADI) of the respiratory tract in western countries [1,2], although a decrease in the relative frequency of PCP as an ADI was consistently documented in the era of highly active antiretroviral therapies (HAART) [3–6]. Several hypotheses have been suggested for such a continuing occurrence of PCP, including lack of HIV care, failure of prophylactic regimens and drug resistance, but specific reasons are not yet known [4,7].

Pulmonary tuberculosis (PTB) and recurrent bacterial pneumonia (RBP) were included among ADI in 1993, when the expanded European AIDS case definition was adopted [8]. Their impact on AIDS morbidity was investigated thereafter, with particular emphasis on changes across calendar periods [9–16]. Such studies have generally produced inconsistent results. Findings from EuroSIDA, a European multicentre observational cohort of approximately 7000 patients with HIV infection, documented a non-statistically significant decrease in the incidence of PTB between 1994 and 1999 [16]. On the contrary, a non-statistically significant increase was seen for PTB between 1990 and 1998 in the UK [3]. Diverging information has also been accumulated as regards the occurrence of RBP. An approximately 50% decrease in the frequency of RBP episodes was recorded in HIV-infected patients treated with HAART in Italy [12], whereas, in the UK, the incidence of AIDS-associated RBP has remained stable over time [3].

From a methodological viewpoint, studies on ADI rarely took into consideration that AIDS diagnosis may be constituted by several concomitant illnesses. Few researches, therefore, appropriately accounted for competing risks of AIDS-associated morbidity [17,18].

We, thus, tried to overcome such limitation using a multivariate polytomous approach to analyse AIDS surveillance data collected in the World Health Organization (WHO) European region from 1993 through 2000. The objective of this study was to highlight correlates and time trends of the three major opportunistic infections of the respiratory tract (i.e., PCP, PTB and RBP) as ADI included in the 1993 European AIDS case definition [8].
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Methods

The last available version of the European Non Aggregate AIDS Data Set (ENAADS) (30 June 2001 update) was analysed [1]. ENAADS contains anonymous information for each individual AIDS case fulfilling the 1993 European case definition recorded by the national surveillance systems of 37 countries from the WHO European region. Individual data was collected by EuroHIV (the European Centre for the Epidemiological Monitoring of AIDS, Saint-Maurice, Paris, France), according to a standard core of epidemiological information that, among others, included: country of report, sex, age and year at AIDS diagnosis; HIV transmission category; and up to four ADI diagnosed within 4 months from the first one. Detailed information on ENAADS has been already published [19]. It is worth remembering here that ENAADS contains neither information on past treatment history with antiretroviral drugs, nor on CD4 cell counts [19,20].

This analysis was based on all ADI reported among adult and adolescent AIDS cases (i.e. ≥ 13 years old), diagnosed between January 1993 and December 2000 and notified up to June 2001 in the last version of ENAADS (AIDS cases diagnosed between January and June 2001 were not included to limit the effect of incomplete notification and of reporting delay). For the aims of the present analysis, the 26 ADI included in the 1993 European definition of adult case were categorized into five diagnostic groups: (i) PCP, (ii) PTB, and (iii) RBP (i.e., the major opportunistic infections of the respiratory tract); (iv) opportunistic infections other than PCP, PTB and RBP (OI) (i.e, candidiases; coccidioidomycosis; cryptococcosis; cryptosporidiosis; cytomegalovirus diseases; herpes simplex diseases; histoplasmosis; isosporiasis; Mycobacterium avium complex; mycobacterium tuberculosis, extrapulmonary; mycobacterium, other species; progressive multifocal leukoencephalopathy; recurrent salmonella septicaemia; toxoplasmosis of brain); and (v) conditions other than opportunistic infections (non-OI; i.e., invasive cervical cancer; HIV-related encephalopathy; Kaposi's sarcoma; Burkitt's lymphoma; immunoblastic lymphoma; primary lymphoma of the brain; wasting syndrome). Candidiasis of bronchi, trachea or lungs was not included among the major opportunistic infections of the respiratory tract because of the small number of diagnoses.

The total number of diagnoses of ADI, and the relative frequency of the five diagnostic groups mentioned above, were evaluated according to year at AIDS diagnosis, sex, age, HIV transmission category, and geographic area of origin. The WHO European region was divided into four areas: three areas of western Europe: (i) north (i.e., Denmark, Finland, Germany, Iceland Ireland, Netherlands, Norway, Sweden, and the UK); (ii) centre (i.e., Austria, Belgium, France, Luxembourg, and Switzerland); and (iii) south (i.e., Greece, Israel, Italy, Portugal, Spain, and Turkey); plus (iv) eastern Europe (i.e., Albania, Azerbaijan, Belarus, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Macedonia, Moldova, Poland, Romania, Slovakia, Slovenia, Ukraine, and Yugoslavia).

To take into account the fact that, in ENAADS, AIDS diagnosis may be constituted by up to four concomitant ADI, a polytomous logistic model was used [21]. Such a model allowed us to estimate the proportions of the five diagnostic groups of ADI over the time period examined (1993 and 1994 were grouped together, to limit potential biases due to the application of the 1993 European case definition) and to estimate their association with selected characteristics (i.e., sex, age, geographic area of origin, HIV transmission category). Maximum-likelihood polytomous logistic regression (PLR) equations were fitted [21], adjusted for the all above-mentioned characteristics and for the five diagnostic groups (PCP, PTB, RBP, OI and non-OI). PLR odds ratios (OR) and 95% confidence intervals (CI) were computed.

Descriptive analysis were conducted using SPSS software [22], while STATA software was used to fit polytomous logistic models [23].
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Results

Between 1993 and December 2000, 142 447 adult/adolescents [(median age, 35 years; 113 364 males (79.6%), 29 083 females (20.4%)] were diagnosed with AIDS in the WHO European region. In 78.3% of these 142 447 cases, AIDS diagnosis consisted of one illness; of the remaining, 17.1% had two concurrent illnesses, 3.5% had three and 1.1% had four concurrent illnesses (data not shown). A total of 181 296 ADI were diagnosed, and they represent the object of the present analysis. Table 1 shows the observed frequency distribution of these 181 296 ADI according to the five diagnostic groups and geographic area of origin.

[image: Table 1]Table 1. Distribution of AIDS-defining illnesses, according to geographic area (World Health Organization European Region, 1993–2000).PCP, Pneumocystis carinii pneumonia; PTB, pulmonary tuberculosis; RBP, recurrent bacterial pneumonia; OI, opportunistic infections other than PCP, PTB and RBP; non-OI, conditions other than OI.



PCP (17.3% of all diagnoses) constituted the single commonest OI, followed by PTB (8.7%) and RBP (3.0%). A wide geographic heterogeneity emerged between western and eastern European countries. PCP was nearly three times more commonly diagnosed in western than in eastern Europe (i.e., 17.8% versus 5.5%). The contrary was seen for PTB (the most common ADI: 20.4% in eastern Europe) and RBP that were two- to threefold more frequently diagnosed in eastern Europe (Table 1). The overall frequency of the remaining OI was similar in the two areas, whereas conditions other than OI were more common in western Europe (Table 1).

Because of the wide heterogeneity in the frequency of ADI and in the use of HAART in eastern as compared with western European countries, the analysis of time trends and of potential determinants of ADI was restricted to AIDS cases diagnosed in western Europe.

Fig. 1 illustrates time trends of 173 944 ADI diagnosed between 1993 and 2000 among 137 325 AIDS cases in western Europe. The estimate proportions of ADI presented in Fig. 1 – adjusted for the five diagnostic groups of ADI plus age, sex, HIV-transmission category and three areas of western Europe – showed that the diagnosis of PCP tended to remain substantially stable over time, from 18.0% in 1993–1994 to 18.9% in 2000. RBP diagnoses increased between 1993–1994 (1.9%) and 1998 (3.7%), and started to decline thereafter. A marked and steady upward trend was observed in the diagnoses of PTB, that increased from 6.1% of all diagnoses in 1993–1994 to 10.5% in 2000 (Fig. 1). The OI declined as of 1998 (41.4%), and thereafter started to increase: they constituted the 42.9% of all diagnoses in 2000, whereas non-OI ADI started to decline after 1998 (from 26.4% to 24.5% in 2000) (Fig. 1).

[image: Fig. 1]Fig. 1. Estimated proportions of AIDS-associated illnesses, according to year at diagnosis (WHO western European Region, 1993–2000). Proportions were estimated by means of a polytomous logistic regression model, adjusting for the five diagnostic groups, age, sex, HIV-transmission category, and geographic areas of western Europe (i.e., north, south, centre).



Factors potentially associated with the diagnoses of PCP, PTB and RBP as ADI in western Europe are summarized in Table 2. Females had a nearly 30% lack of PTB and a nearly 30% excess of RBP, as compared with males. Ageing was inversely associated with both PTB (PLR-OR for ≤ 24 years versus ≥ 40 years, 2.0; 95% CI, 1.8–2.1) and, though at a lesser extent, with RBP (PLR-OR for ≤ 24 years versus ≥ 40 years, 1.2). PTB and RBP were more frequently diagnosed in southern than in northern Europe, but after adjustment a 1.5-fold statistically significant excess risk persisted for PTB only (Table 2).

[image: Table 2]Table 2. Association between selected characteristics of AIDS cases and Pneumocystis carinii pneumonia (PCP), pulmonary tuberculosis (PTB) and recurrent bacterial pneumonia (RBP) as AIDS-defining illnesses (World Health Organization western European Region, 1993–2000).aPolytomous logistic regression (PLR) odds ratios (OR) and 95% confidence intervals (CI), adjusted for all the variable listed in the table, plus year at AIDS diagnosis and opportunistic infections (OI). OI was used as reference diagnostic group to compute PLR-OR. bReference category. IDU, injecting drug users.



The mode of acquisition of HIV infection was differently associated with ADI. As compared to heterosexuals, homosexual men were at higher risk for PCP (PLR-OR, 1.3) and at reduced risk for both PTB (PLR-OR, 0.5; 95% CI, 0.4–0.5) and for RBP (PLR-OR, 0.8; upper 95% confidence limit, 0.9). An opposite picture was seen among injecting drug users (IDU), since in such groups the risk of having RBP as an ADI was approximately three times higher than in heterosexuals (PLR-OR, 2.8; lower 95% confidence limit, 2.6), and a 2.3-fold excess risk for RBP was also registered among IDU who were homosexual men. IDU showed a slight reduction in the risk for PCP (PLR-OR, 0.8) and a slight excess risk for PTB (PLR-OR, 1.1) as compared with heterosexuals. Notably, individuals who acquired HIV infection through transfusions of blood or of blood derivatives were at a 55% reduced risk for PTB and to a 1.7-fold higher risk for RBP (lower 95% confidence limit, 1.4; Table 2).
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Discussion

This epidemiological evaluation focused on major OI of the respiratory tract included in the 1993 European case revision, when PTB and RBP were added to the list of ADI. PCP was the most common ADI (17.3% ), followed by PTB (8.7%) and RBP (3.0%). Some of the geographic and temporal patterns, and some individuals factors associated with PCP, PTB and RBP as ADI that emerged in this analysis were not previously noted and are worth stressing.

Large variations in the proportions of ADI were noted between AIDS diagnoses made in eastern or in western European countries and, particularly for PTB, within areas of western Europe. It is known that the frequency of tuberculosis (TB) in HIV-infected individuals largely reflects background incidence rates of TB in their country of origin [24], and this pattern was confirmed in the present analysis. In eastern Europe, where TB incidence rates in the general population in 1995–1999 were three- to 10-fold higher than the overall rate recorded in the general population of western Europe [25], PTB was the most common OI of the respiratory tract, accounting for about 20% of all ADI. Moreover, within western European countries, the highest proportion of PTB as ADI was registered in southern Europe, where Portugal, Spain and Turkey are located. In 1995–1999, these three countries showed the highest rates of TB in the general population of western Europe, including the fraction of the population under 50 years of age (i.e., the population at higher risk for HIV infection and AIDS) [25].

As compared with ADI recorded in western Europe, PCP was nearly three times less frequent and RBP was more than twice as frequent in eastern European countries. We are not aware of previous studies investigating geographic differences of PCP and RBP as ADI in Europe. In addition to differences in access to prophylaxis and antiretroviral therapies, the delay with which the AIDS epidemic has spread in eastern Europe, in respect to the western part of Europe [1], might have favoured some misdiagnoses between PCP, RBP and other early manifestations of AIDS [5].

Within western Europe, RBP seemed to be a more common ADI in the southern than in the northern part. Such geographic heterogeneity, however, disappeared at multivariate analysis when the effect of concurrent ADI and of other potential confounders was controlled for. Most of all, the apparent increased frequency of RBP in southern Europe was likely to reflect the predominance of cases attributable to injecting drug use in such areas [1].

Changes across calendar years in the percent frequency of ADI (as expressed in this analysis) reflect modifications in the relative burden of a particular ADI over the totality of ADI, but do not offer information on absolute changes over time (e.g., incidence rates from longitudinal investigations of HIV-infected persons). In such a context, it is worth noting the persistent importance of PCP (nearly one out of five ADI) and the increasing importance of PTB and RBP after their inclusion among ADI, from 6.1% to 10.5% and from 1.9%, to 3.1%, respectively, between 1993 and 2000.

In this analysis, adjustment for potentially concurrent components of AIDS diagnosis and for confounding factors did not influence the steady increase in the relative frequency of PTB over time. Such a strong upward trend was not seen for other ADIs, and adds further evidence to diverging findings on time trends of AIDS-associated PTB [3,16]. We have already stressed that information on two well-known important confounders of the relationship between calendar period and occurrence of ADI, i.e., CD4 cell count and past history of antiretroviral therapy, were not available in the data set used for this analysis [19,20]. However, when the effect of CD4 cell count and of antiretroviral therapy history were accounted for in previous investigations, inconsistent results were obtained [3,16]. Moreover, the diagnosis of PTB has been documented to occur at various levels of CD4 cell count [16,26], and it is likely that other factors, that we could not identify, might have favoured such a sharp increase in the relative frequency of PTB since its inclusion among ADI. Even in the context of wide availability of combination therapies, aggressive public health programs, including rapid case finding, monitoring of adherence to treatment and therapy for latent tuberculosis infection, will continue to play a critical role in the control of HIV-associated tuberculosis epidemic.

RBP as ADI increased across time periods characterized firstly by the wider use of dual antiretroviral drug therapy (i.e., 1995–1996), and then by the early use of HAART (i.e., 1997–1998), and started to decline thereafter. This pattern agrees with longitudinal data showing that the incidence of RBP in HIV-infected patients remained stable in the HAART era [3] or declined at a lower rate, as compared with PCP or other OI [26]. As seen for PTB, RBP can occur over a wide spectrum of CD4 cell count levels [10], and this fact may help to explain, at least in part, changes in the relative frequency of ADI. Other explanations are plausible, including a reduction in the use of preventive drugs [e.g., such as trimethoprim–sulfamethoxazole (TMP–SMX) and macrolides] active against many of the microorganisms responsible for bacterial pneumonia following the introduction of HAART [27].

The number of persons diagnosed with AIDS and unaware of HIV infection has increased over time [28,29]. These persons cannot benefit by HAART and by the prophylaxis against OI, and, among them, increasing proportions of PCP have been documented [12,29]. In our analysis, we observed limited temporal fluctuations in the relative frequency of PCP as an ADI in western Europe. Thus, notwithstanding the long-term availability of effective prophylaxis with TMP–SMX and the use of HAART, PCP remains the most common OI of the respiratory tract. Specific reasons for this are not yet understood: our analysis assessed that this pattern was not influenced by competing causes of AIDS morbidity, nor by confounding factors such as area of origin or HIV-transmission category.

The effect of selected characteristics on the occurrence of PCP, PTB and RBP as ADI evaluated among cases diagnosed in western Europe put in evidence that age at AIDS diagnosis and the mode of acquiring HIV infection differently affected the occurrence of ADI.

According to previous studies reporting that young age was a potential determinant of PTB in the HIV setting [14,15], also in our analysis decreasing age was associated with an increased frequency of PTB. Such observation contrasts with the overall age-related pattern in the general population of western Europe, where incidence rates steadily increase with ageing [25], and may be partially attributable to the fact that most of HIV-infected persons develop TB as a consequence of a recent TB infection, rather than a reactivation of a latent infection. This hypothesis is also supported by findings from molecular epidemiology studies focusing on clusters of TB isolates from HIV-infected patients [13,30].

Two distinct patterns of risk for the ADI of the respiratory tract were identified, based on modes of HIV infection acquisition different than heterosexual intercourse.

Firstly, homosexual men had a statistically significant 27% excess risk of developing PCP and a strong reduction (i.e., 54%) in the risk of PTB. Cause-specific studies of ADI have already described that homosexual men are less likely to develop PTB than other groups of population at risk for HIV infection, such as IDU [16,31]. Such observation was confirmed in this study after adjustment for other potentially concurrent components of ADI, and, among others, for area of origin—one of the most important determinant of PTB. On the other hand, the increasing proportion of homosexual men among late testing AIDS cases [28,29] may help to explain the excess risk of PCP among such populations.

Secondly, and in contrast with the picture emerging among homosexual men, IDU were at reduced risk for PCP and at increased risk for RBP. It has been well documented that IDU are less likely to be late testing AIDS cases than are homosexual men [28,29], and this fact has clear implications in their reduced risk of PCP. As in early reports [9,11], we found that injecting drug use was the main determinant of RBP: IDU had a 2.8-fold increased risk for RBP over heterosexuals, and, interestingly, the risk of RBP in homosexual men who were also IDU was 2.3-fold higher than that of heterosexuals. That the blood route acquisition of HIV infection, as opposed to the sexual route, was strongly related to RBP occurrence was further evidenced by the nearly twofold higher frequency of RBP registered among recipients of blood or blood derivatives. This latter evidence adds to the already noted epidemiological association between use of injecting drugs and risk of RBP, but epidemiological explanations of these findings are still obscure [9–13]. At this regard, an interesting biological hypothesis came from an immunological study conducted in Spain, showing that the occurrence of RBP appeared to be related, in IDU, to humoral hyper stimulation [33]. Altogether, the findings of this study suggest that persons who acquired HIV infection through needle sharing, or through transfusion of blood or of blood derivatives, are likely target groups for pneumococcal immunization to prevent RBP [32,33].

Specific drawbacks of AIDS surveillance data have been mentioned already (e.g., lack of information on CD4 cell count and on individual history of antiretroviral therapy), while other methodological drawbacks have been thoroughly discussed elsewhere [19,34]. It is worth remembering here that these surveillance data reflect only morbidity at the time of AIDS diagnosis, and thus they do not encompass the full spectrum of HIV-related diseases. Finally, the major strengths of this multinomial statistical approach should also be highlighted, i.e., the possibility to evaluate the effect of calendar period and of several correlates on the occurrence of potentially concurrent components of AIDS diagnosis.

In conclusion, this multinomial analysis of ADI provided a thorough assessment of the main epidemiological patterns of PCP, PTB and RBP as ADI. The importance of PCP as the leading OI persisted in western Europe throughout the last decade, despite availability of prophylaxis and HAART. The increasing importance of PTB, both in western and in eastern Europe, has serious implications for the prevention and control of the disease and, in general, for its public health implications. Blood-borne acquisition of HIV infection was strongly associated with the occurrence of RBP, and these data may be useful in the identification of target groups for pneumococcal vaccination.
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Table 2. Association characteristics of AIDS cases and ystis carinii ia (PCP), y tuberculosis (PTB) and recurrent bacterial pneumonia (RBP) as AIDS-
defining ilinesses (World Health Organization western European Region, 1993-2000).
Pcp PTB RBP
Characteristics WithPCP (%)  PLROR'  95%Cl  WithPTB(%) PLR-OR® 95%CI WithRBP (%) PLROR®  95%Cl
Sex
Male 17.9 P 8.2 b4 25 L
Female 7.7 099 0.96-1.03 82 073 070-077 38 130 1214139
Age (years)
=40 186 1 57 " 19 1
35-39 172 097 0.93-1.00 82 108 31 096 0.88-1.05
30-34 7.7 100 0.97-1.04 87 112 33 097 0.89-1.05
25-29 17.9 099 0.95-1.03 108 145 29 091 0.82-1.00
13-24 160 090 0.83-0.96 144 196 38 18 1.02-136
Area of origin in western Europe
North 184 15 35 b 17 18
Centre 18.1 071 0.68-074 63 110 102-118 23 082 075-091
South 175 081 0.78-0.84 1.0 145 136-155 34 079 072-087
HIV-transmission category
Heterosexuals 19.8 1¢ 91 153 1.9 hl.:
Homosexual men 200 127 1224132 31 046 1 084 074-095
DU 149 075 072-077 120 111 47 281 257-3.08
IDU and homosexual men 149 077 0.67-0.88 92 091 34 225 172-295
Recipients of blood transfusions/blood derivatives 17.0 090 0.82-1.00 37 045 28 174 139218
Other 212 122 115129 6.4 078 6 100 084-1.19

2Polytomous logistic regression (PLR) odds ratios (OR) and 95% confidence intervals (C1), adjusted for all the variable listed in the table, plus year at AIDS diagnosis and opportunistic infections (O).
Ol was used as reference diagnostic group to compute PLR-OR. PReference category. IDU, injecting drug users.
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Table 1. Distribution of AIDS-defining illnesses, according to geographic area (World Health Organiza-
tion European Region, 1993-2000).

AIDS-defining illnesses

Geographic area AIDS cases(n) All(n)  PCP(%) PTB (%) RBP(%) OI(%) Non-Ol (%)

Western Europe

North 25829 39748 18.4 3.5 1.7 33.4 43.0
Centre 33722 39411 18.1 6.3 23 49.2 241
South 77774 94785 17.5 11.0 3.4 48.6 19.5
All 137325 173944 17.8 8.2 2.8 45.2 25:9
Eastern Europe 5122 7352 55 20.4 7.2 46.2 20.7
Total 142447 181296 173 8.7 3.0 453 25.7

PCP, Pneumocystis carinii pneumonia; PTB, pulmonary tuberculosis; RBP, recurrent bacterial pneumonia;
Ol, opportunistic infections other than PCP, PTB and RBP; non-Ol, conditions other than OI.
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