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Summary
Background In care of people living with human immunodeficiency virus (HIV), early diagnosis of infection is one of
the greatest challenges remaining. A promising approach to increase early diagnosis could be optimized HIV testing
in persons with indicator conditions (ICs). ICs are conditions which are AIDS-defining in people living with HIV,
conditions that may have significant adverse consequences for the individual’s clinical management if the
presence of HIV infection is not detected, and conditions with an (undiagnosed) HIV prevalence of ≥0.1%.

Methods In this cohort study, anonymous routine healthcare data of German statutory health insurances from 07/01/
2016 to 06/30/2021 based on insured persons with an ICD-10-based diagnosis of selected ICs were analyzed. In a
primary analysis, two stratifications (gender and age), and four sensitivity analyses HIV prevalence/incidence were
calculated for persons with at least one of 26 IC described in international literature. This study is registered in
the German Clinical Trials Register (identifier: DRKS00028743).

Findings Routine healthcare data from 513,509 insured persons were selected for analysis. In the primary analysis, only
in malignant neoplasm of bronchus and lung a HIV prevalence was observed with a 95%-CI < 0.1%. ICs with
particularly high HIV prevalence were pneumocystosis (40.33%), oral hairy leukoplakia (36.71%), and Kaposi’s sarcoma
(29.86%). When stratified by gender, it was observed that in female patients, the 95%-CI of HIV prevalence fell below
0.1% for seven ICs. No such effect was observed in male patients. Stratified by age, among patients aged 30 to <60 years,
the 95%-CI of HIV prevalence were always ≥0.1%, while in the other groups the 95%-CI fell below 0.1% for several ICs.

Interpretation In samples of patients with ICs in Germany, HIV prevalences/incidences were found to be ≥0.1% for
all ICs except malignant neoplasm of bronchus and lung. This confirms the classification of these conditions as ICs
for the German context and emphasizes the importance of HIV testing in these populations.

Funding This analysis is part of the HIV testing recommendations in guidelines and practice study (German title of
the study: “HIV-Testempfehlungen in Leitlinien und Praxis”; acronym: HeLP), which is funded by the German
Federal Joint Committee as part of the Innovationsfonds program to further develop the German healthcare system
(funding number 01VSF21050).
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Research in context

Evidence before this study
Human immunodeficiency virus (HIV) indicator conditions
(ICs) have been proclaimed for several years as an opportunity
for effective HIV testing. Yet, many potential HIV indicator
conditions remain rarely investigated. To review the current
published evidence, a systematic literature search was
conducted in Pubmed (search terms: (HIV[Title/Abstract] OR
HIV[MeSH Terms] OR Aids[Title/Abstract] OR HIV infection
[Title/Abstract] OR "HIV infection"[Title/Abstract] OR "human
immunodeficiency syndrome" [Title/Abstract] OR "acquired
immunodeficiency syndrome"[Title/Abstract] OR human
immunodeficienc* virus[Title/Abstract]) AND (indicator
condition[Title/Abstract] OR indicator conditions[Title/
Abstract] OR indicator disease[Title/Abstract] OR indicator
diseases[Title/Abstract])) and Embase (search terms: (’human
immunodeficiency virus’:ab,ti OR ’human immunodeficiency
virus infection’:ab,ti OR ’human immunodeficiency virus’/exp
OR ’human immunodeficiency virus’ OR ’human
immunodeficiency syndrome’:ab,ti OR ’acquired immune
deficiency syndrome’:ab,ti) AND (’indicator condition’:ab,ti
OR ’indicator conditions’:ab,ti OR ’indicator disease’:ab,ti OR
’indicator diseases’:ab,ti) AND ([english]/lim OR [german]/
lim)) in August 2022. The only filter used was "language of
publication in English or German". After full-text screening,
twelve publications reporting HIV prevalences/incidences in
HIV indicator conditions could be included. One of these
twelve publications was an erratum to another included
publication. The remaining studies included both a review and
original research articles. For example, the numbers of
indicator conditions examined, the time windows within
which an indicator condition is associated with an HIV
infection, the age limits for inclusion, the regions of the
studies, the numbers of cases reached and, where applicable,
the groupings for subgroup analyses vary widely between
studies. In consequence, there were some major differences in

the reported prevalence/incidence of HIV in patients with
indicator diseases. None of the studies focussed on Germany,
although Germany was sometimes considered together with
other countries. In addition, expert opinions from clinical and
epidemiological experts of importance in German HIV care
were taken into account during planning and conduction of
the study.

Added value of this study
The analysis of statutory health insurance data reported here,
provides results that confirm or falsify the classification of
health conditions as HIV indicator conditions for German care
on the basis of a high number of cases. In addition, as shown
by the few publications addressing HIV prevalence/incidence
in indicator conditions found, the evidence on HIV prevalence
in indicator conditions could be expanded by this study.

Implications of all the available evidence
This Germany-specific analysis may be used to raise awareness
of the need to offer regular HIV testing for people with
confirmed indicator conditions in Germany. In addition, in the
further course of the study, German guidelines of confirmed
indicator diseases will be examined with regard to HIV testing
recommendations. Internationally, findings from this study
can also strengthen programs on indicator condition-guided
HIV testing through expanded evidence. By adding to the
sparse evidence available (often from studies with low
number of cases), the presented results can contribute to a
higher reliability of summarized results. Moreover, in the
presented analysis, different sensitivity analyses and
stratifications were calculated, allowing a deeper insight into
HIV prevalences/incidences in HIV indicator conditions.
Overall, the results of the HIV testing recommendations in
guidelines and practice study (HeLP) have the potential to
reduce the rate of late HIV diagnoses.
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Introduction
A major concern of care for people living with human
immunodeficiency virus (HIV) in Germany, such as
reported by other Western countries as well, is the late
diagnosis of HIV infection.1–5 This is reflected in
German rates of undiagnosed infections that are above
the 5% targeted in the 95-95-95 goals of the World
Health Organization/The Joint United Nations Pro-
gramme on HIV/AIDS (at the end of 2021, around
90,800 people in Germany were living with HIV, of
which around 8600 were unaware of their infection).1,6

In addition, many reports show a high proportion
(about 50%) of HIV late diagnosis in Germany and
other western countries.4,7–9 According to the outdated
consensus definition, a late diagnosis meant that a
person presented for HIV care for the first time with a
CD4 count below 350 cells/μL or with an acquired
immune deficiency syndrome (AIDS)-defining event.10

There is an updated definition, but due to its appear-
ance in the second half of 2022, it is not yet used in
many published studies.11 Because delayed HIV diag-
nosis is associated with increased morbidity and mor-
tality, more transmissions, and higher costs to the
health care system, improvement is needed from a
medical, epidemiological, ethical, and health economic
perspective.12–16 Most people living with HIV in Ger-
many are men who have sex with men.1 However,
focusing on this group only would miss a relevant pro-
portion of diagnoses. In addition, sexuality can be a
sensitive topic in medical consultations. Therefore, ap-
proaches are needed to provide adequate HIV testing
independent of sexual behavior.

One potential but still insufficiently used way to
optimize HIV testing (and consequently facilitate an
www.thelancet.com Vol 73 July, 2024
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earlier diagnosis) is to consistently offer HIV testing in
case of diagnosed HIV indicator condition (IC).17–24 ICs
are conditions which are (1) AIDS-defining among
people living with HIV, (2) conditions which may have
significant adverse implications for the individual’s
clinical management in case the presence of HIV
infection is not identified, and (3) conditions with an
(undiagnosed) HIV prevalence of >0.1% or
≥0.1%.17,19,20,22,25–33 Published studies differ in the classi-
fication of conditions with a prevalence of exactly 0.1%
and in the question how strictly "undiagnosed" is
considered.17,19,20,22,25–33 For Germany, specific evidence
regarding HIV prevalences/incidences in potential ICs
is missing so far. In addition, international evidence is
still rare. The prevalence/incidence of HIV in some ICs
has only been examined in a few studies with some-
times inconsistent results between these studies, and
the reported number of cases is often low.17,22,25–33

Health insurance is mandatory in Germany. There is
a choice (depending on factors such as income and
previous insurance periods) between numerous statu-
tory and private health insurance funds. At around 89%,
the majority of the population is covered by statutory
health insurance.34 Due to the extensive range of bene-
fits, these insurers hold a large amount of health data.
This data includes, for example, International Statistical
Classification of Diseases and Related Health Problems
(Version 10) (ICD-10) diagnoses and billing codes from
office-based general practitioners, specialists, and hos-
pitals, and prescribed drugs. Assignment to these ICD-
10 codes, which are primarily for billing purposes, is
based on the subjective assessment of the coding
physician. In addition, unless otherwise specified in the
employment contract, employees in Germany are
required by law to obtain a medical certificate if they are
incapable to work for more than three days. A version of
the certificate, including the diagnosis, is sent by the
insured person to his or her health insurance fund, so
these diagnoses are also included. This data, originally
collected for billing purposes – known as routine data –
have developed into an established real world data base
for research.35,36

The HIV testing recommendations in guidelines and
practice study (German title of the study: “HIV-Tes-
tempfehlungen in Leitlinien und Praxis”; acronym:
HeLP) uses a mixed methods approach to investigate
different aspects of IC-guided HIV testing in Germany.
This includes an analysis of the frequency of HIV in
people with internationally described ICs in Germany,
an analysis of relevant medical guidelines, expert in-
terviews with authors/editors of such guidelines
focusing on why HIV testing recommendations are
(not) included in the guidelines, and a written survey of
office-based physicians regarding HIV testing in routine
care. The study will then develop and publish strategies
to strengthen IC-guided HIV testing.37 The objective of
this presented module of the HeLP study was to answer
www.thelancet.com Vol 73 July, 2024
the following two research questions: Can international
ICs currently published in the literature be confirmed
(regarding the prevalence/incidence of HIV) for the
German context based on German statutory health in-
surance data? What is the prevalence of HIV stratified
by gender and age for potential ICs in Germany?
Methods
Study design and data source
The cohort study presented here is one of the quanti-
tative modules of the HeLP study.37 It is a retrospective
analysis of real-world data (routine data from statutory
health insurance funds) without trial-specific
interventions.

The selection of the ICs considered here was carried
out in a two-stage procedure. First, potential ICs were
identified with a systematic literature search. The results
were discussed with clinical and epidemiological experts
in German HIV care in order to classify their relevance
for the national care situation. The next step was to
assign ICD-10 codes to all selected diseases.

Accordingly, a list of 48 ICD-10 codes (see Table 3)
was compiled for which samples of people insured with
a statutory health insurance were drawn up at the AOK
Research Institute. The routine data (07/01/2016–06/
30/2021) provided by the AOK Research Institute were
derived from statutory health insurance data of eleven
regional (covering every region in Germany) AOK in-
surances covering about 27 million patients in total.
Enrolment in the AOK is open to any inhabitant
regardless of region, profession, income, age, or health
status. All persons who cumulatively fulfilled the
following characteristics were eligible for inclusione:

• Persons who had at least one of the selected ICD-10
codes documented as a diagnosis in inpatient or
outpatient hospital data or in billing data of outpa-
tient medical care in the date period 07/01/2016–06/
30/2021;

• Persons who were at least 18 years of age (reference
date: 07/01/2016);

• Persons with continuous statutory health insurance
coverage (maximum of five days of absence per
quarter until the end of the data period/death to
avoid missed diagnoses, since analyses are based on
statutory health insurance data).

The first date of the data period was chosen as a
reference date, so all people in the data were at least 18
years of age (age of majority in Germany). As there were
very few people who met these criteria, persons older
than 95 years (reference date: 07/01/2016) or docu-
mented with the gender marker "unspecific" or
"diverse" were excluded from the sampling to prevent
possible re-identification. Gender in the data corre-
sponds to the information provided to the health
3
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Fig. 1: IC population in the primary analysis.
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insurance funds. If the insured persons do not consider
themselves to be male or female, they can enter ’un-
specified’ or ’diverse’ instead. In addition, transgender
persons have the option to change the data regarding
gender assigned at birth, so “male” might include cis-
gender and transgender men, and “female” might
include cisgender and transgender women. For diseases
associated with ICD-10 codes that have 15,000 patients
or fewer, the study includes data for all patients identi-
fied with those conditions. In case of more than 15,000
patients for a respective ICD-10 code, a random sample
of AOK-insured persons was drawn, stratified by 10-year
age groups, gender and HIV indicators, so that a total of
15,000 AOK-insured persons were drawn per ICD-10
sample. For each sample, it was checked whether the
distribution of age, gender and frequency of HIV in-
dicators in the sample matched the distribution in the
AOK ICD-10 population. The disease samples were
drawn with replacement, so that the draws are inde-
pendent of each other and persons could be selected for
more than one disease sample. The AOK Research
Institute created a list of which anonymous study IDs
were to be assigned to which ICD-10 samples.

Anonymous data selected by the AOK Research
Institute were edited and analyzed at the Institute for
Healthcare Management and Research. First, ICD-10
codes for ICs were identified in outpatient, inpatient,
and incapacity for work diagnoses, along with associated
dates of treatment initiation/ICD-10 start/admission
dates during the period from 07/01/2016 to 12/31/2017
(18 months). Outpatient diagnoses were only considered
if they were labelled by the physician as "confirmed".
Next, different disease-related ICD-10 codes were
grouped into ICs (see Table 3). Within an IC, the
chronologically latest date of incidence in the timeline of
the 18-month time period was adopted as the date of the
IC. To ensure accuracy in identifying HIV diagnoses, we
chose a method with higher specificity. This approach
aims to minimize the risk of overestimating HIV prev-
alences/incidences due to potential miscoding. Specif-
ically, if billing codes indicate counselling for HIV pre-
exposure prophylaxis (PrEP), initiation of PrEP, or
monitoring during PrEP treatment, any prior or simul-
taneous HIV diagnoses (ICD-10 codes: B20 – B24,
O98.7, or Z21) are considered suspect and excluded.
These are likely miscodes. In cases where an HIV
infection is diagnosed during PrEP therapy, specific
HIV billing codes are used instead of PrEP-related
codes. After a person is known to be HIV-positive,
PrEP is discontinued, and thus, any subsequent HIV
diagnoses are not considered miscoded. In this analysis
only outpatient diagnoses with the code "confirmed"
were considered. As an additional condition, HIV di-
agnoses were only considered if they were coded in two
consecutive quarters (for inpatient or outpatient). To
consolidate the conservative approach, this is a proced-
ure to avoid concerning false diagnoses, which are due
to miscoding. The date of the earliest coded HIV diag-
nosis, that was not falsified along the criteria described
above, was considered as the date of the initial HIV
diagnosis in further analyses.

Data analysis
Because only diagnosed HIV infections are coded in
the statutory health insurance data, a literature-based
assumption was made that HIV infections existed 40
months before their initial diagnosis.38 Effects of a
smaller or longer follow-up period were tested in
different sensitivity analyses. In the primary analysis,
HIV prevalence per IC was determined by first iden-
tifying the IC population (cumulatively fulfilling the
characteristics: picked up with IC as described above in
the first 18 months of the data period & part of the
AOK Research Institute sample for that IC & surviving
at least 40 months after the date of the IC) (see Fig. 1).
The condition that the person must also be part of the
random sample for the specific IC was chosen to
ensure representativeness. Otherwise, people from
other samples with the same diagnosis would distort
the sample and make it dependent on other samples.
Survival time of at least 40 months was required in the
primary analysis to ensure an appropriate follow-up.
Since for some ICs (e.g., malignant neoplasm of
bronchus and lung), a rather high proportion of people
were excluded due to that condition, a sensitivity
analysis was carried out to test the effect of this
condition.

HIV prevalence/incidence was calculated as the
quotient of the number of persons in each IC popula-
tion with HIV and the total number of persons in the
IC population. An IC was considered confirmed if the
95%-confidence interval (CI) of HIV prevalence/inci-
dence in the respective random sample was ≥0.1%.
Ninety-five-percent-CI were calculated using boot-
strapping. For each IC, 10,000 iterations were calcu-
lated. This number of iterations meets or exceeds
common recommendations.39–42
www.thelancet.com Vol 73 July, 2024
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To test the influence of the assumptions/conditions
regarding different follow-up scenarios, three sensitivity
analyses were performed: Sensitivity analysis 1: How do
the results change if those persons who die within 40
months after IC are also considered when creating the
IC populations? Sensitivity analysis 2: How do the re-
sults change if only HIV infections that are already
contemporaneous with IC are considered? Sensitivity
analysis 3: How do the results change if all HIV in-
fections up to the end of the data period are considered?
In addition, a fourth sensitivity analysis was calculated,
following the different approaches of defining ICs: here,
HIV incidence were calculated similar to the primary
analysis, but this time only individuals who were
without HIV diagnosis at the time of IC but had an
incident HIV infection in the following 40 months were
included in the IC population (sensitivity analysis 4) (see
Table 1).

To test whether HIV prevalences in the primary
analysis are substantially impacted by individual sub-
populations, stratifications by gender (male/female (as
registered at the statutory health insurance)) and age
group (younger than 30 years/30 to <60 years/60 years
and older) are calculated for the primary analysis.
Because some ICs were expected to have very low
number of cases in individual strata (e.g., cancers in
persons <30 years of age), we reported stratification re-
sults only for strata with ≥50 individuals.

At the AOK Research Institute, Oracle Database 19c
and Python version 3.10 were used for data manage-
ment and SPSS Statistics version 29 was used at the
Institute for Healthcare Management and Research for
the analyses outlined above.

Ethics statement
In the presented analysis, only anonymous data were
used, so no informed consent was required. Never-
theless, a positive ethical vote was obtained for the
overall study from the Ethics Committee of the Medical
Faculty of the University of Duisburg-Essen (identifier:
22-10908-BO). Furthermore, the study was registered
in the German Clinical Trials Register (identifier:
DRKS00028743) and the study protocol was published
open access.37
Duration of follow-up

Primary analysis 40 months

Sensitivity analysis 1 40 months

Sensitivity analysis 2 no follow-up; only HIV infections that are alrea
contemporaneous with IC are considered

Sensitivity analysis 3 from IC diagnosis until the end of data period

Sensitivity analysis 4 40 months

Table 1: Overview regarding the primary and the sensitivity analyses.

www.thelancet.com Vol 73 July, 2024
Role of the funding source
The HeLP study is publicly funded by the German
Federal Joint Committee (G-BA, “Gemeinsamer Bun-
desausschuss”) as part of the Innovationsfonds program
to further develop the German healthcare system based
on the standards and principles of evidence-based
healthcare (funding number 01VSF21050). The funder
of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report.

Results
Data of 513,509 insured persons were transmitted
from the AOK Research Institute to the Institute for
Healthcare Management and Research. Sample sizes
ranged from 353 to 15,000 individuals per ICD-10
code and from 353 (oral hairy leukoplakia) to
119,148 (pneumonias) per grouped IC. Ninety-two
percent of persons only occurred in one ICD-10
sample, 7% occurred in two samples, the remaining
1% occurred in three to seven samples. Regarding the
grouped ICs, 95% of persons only occurred in one IC,
and 4% occurred in two ICs. Due to rounding de-
viations, there are only 0.3% of persons in more than
two ICs. A short description of patient characteristics
in each identified IC population can be found in
Table 2.

The HIV prevalences and corresponding 95%-CIs
per IC are shown in Table 3. All but one IC could be
confirmed in the primary analysis (as stated in the
methods section, an IC was considered confirmed if the
95%-confidence interval of HIV prevalence/incidence in
the respective sample was ≥0.1%). Only for lung carci-
noma, the lower limit of the 95%-CI was below 0.1%.
However, HIV prevalences varied widely. The highest
prevalences of HIV infections were seen in patients with
pneumocystosis (HIV prevalence: 40.33%, 95%-CI:
36.42–44.23%), hairy leukoplakia (HIV prevalence:
36.71%, 95%-CI: 29.11–44.3%), Kaposi’s sarcoma (HIV
prevalence: 29.86%, 95%-CI: 27.05–32.77%), syphilis
(HIV prevalence: 11.49%, 95%-CI: 10.95–12.05%), and
gonococcal infection (HIV prevalence: 6.92%, 95%-CI:
6.31–7.55%). Considerably lower prevalences were
observed, for example, in patients with seborrheic
Inclusion of patients who
died within follow-up

Consideration of HIV diagnoses

no prevalent and incidental diagnoses

yes prevalent and incidental diagnoses

dy no prevalent and incidental diagnoses

no prevalent and incidental diagnoses

no Only incidental diagnoses of individuals,
who were without HIV diagnosis at the time of IC

5
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Indicator condition Sample size Agea (reference date: 07/01/2016) Genderb

Mean (standard deviation) Male (in%) Female (in%)

Pneumocystosis 615 56 (15.2) 64.6 35.4

Oral hairy leukoplakia 158 54 (13.6) 54.4 45.6

Kaposi’s sarcoma 998 60 (15.2) 70.0 30.0

Syphilis 12,939 57 (17.6) 59.2 40.8

Gonococcal infection 6305 42 (17.3) 56.0 44.0

Acute hepatitis C 9128 52 (12.8) 59.0 41.0

Malignant neoplasm of anus and anal canal 4791 64 (12.4) 37.7 62.3

Chronic viral hepatitis 9620 51 (13.5) 56.5 43.5

Anogenital (venereal) warts 6261 38 (13.1) 55.7 44.3

Chlamydial infection 6020 31 (13.5) 30.8 69.2

Acute hepatitis B 9975 51 (14) 50.6 49.4

Papillomavirus as the cause of diseases 3887 37 (12.5) 4.3 95.7

Tuberculosis 17,107 57 (17.3) 48.3 51.7

Hodgkin’s lymphoma 7981 54 (17.1) 50.2 49.8

Acute hepatitis A 9090 57 (15) 47.3 52.7

Pneumonia 24,013 60 (17.5) 52.2 47.8

Non-Hodgkin’s lymphoma 23,271 64 (14.4) 49.2 50.8

Infectious mononucleosis 6858 37 (16.3) 38.7 61.3

Herpes simplex infections 5877 50 (18.4) 30.0 70.0

Abnormal weight loss 4262 56 (19.6) 36.9 63.1

Candidiasis 5146 49 (19.1) 16.5 83.5

Herpes zoster 4635 60 (17.4) 36.4 63.6

Dysplasia/malignant neoplasm of cervix uteri 14,508 48 (16.5) 0.1c 99.9

Trichomoniasis 6512 42 (15.1) 14.9 85.1

Malignant neoplasm of bronchus and lung 2467 66 (11.2) 57.6 42.4

Seborrheic dermatitis 6229 55 (18.6) 51.7 48.3

aThe first date of the data period was chosen as a reference date, so all people in the data were at least 18 years of age (age of majority in Germany). bAs registered at the
insurance institution, the patient has the possibility to change the data. cThis group might include transgender men with a cervix uteri.

Table 2: Distribution of patient characteristics by indicator conditions (primary analysis).
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dermatitis (HIV prevalence: 0.22%, 95%-CI:
0.11–0.35%), trichomoniasis (HIV prevalence: 0.26%,
95%-CI: 0.14–0.4%), dysplasia/malignant neoplasm of
cervix uteri (HIV prevalence: 0.26%, 95%-CI:
0.18–0.35%), herpes zoster (HIV prevalence: 0.35%,
95%-CI: 0.19–0.52%), or candidiasis (HIV prevalence:
0.35%, 95%-CI: 0.19–0.52%).

The results of the primary analysis were very robust.
All of the three sensitivity analyses which tested the
assumptions/conditions from the primary analysis
confirmed a 95%-CI overlapping 0.1% for lung cancer
and 95%-CIs ≥0.1% for all other ICs (see
Supplementary Table S1). If, as in sensitivity analysis 4,
we did not consider the random sample of an IC, but
only the individuals in the random sample who were
without HIV diagnosis at the time of the IC, the HIV
incidences were significantly lower with respect to
the following 40 months. Only in six of the 26 ICs
considered, the 95%-CI were never overlapping
0.1% (pneumocystosis (HIV incidence: 1.34%, 95%-CI:
0.27–2.69%), gonococcal infection (HIV incidence:
1.13%, 95%-CI: 0.86–1.4%), Kaposi’s sarcoma (HIV
incidence: 0.85%, 95%-CI: 0.28–1.56%), syphilis (HIV
incidence: 0.67%, 95%-CI: 0.52–0.82%), anogenital
(venereal) warts (HIV incidence: 0.23%, 95%-CI:
0.11–0.36%), and chlamydial infection (HIV incidence:
0.2%, 95%-CI: 0.1–0.32%)) (see Supplementary
Table S1).

Table 4 provides an overview regarding the results
of stratification of the primary analysis by gender.
Significantly higher prevalences of HIV in male pa-
tients are noticeable. This is particularly the case for
some AIDS-defining conditions and sexual transmitted
infections (STI). While there were no changes with
regard to the threshold of 0.1% in male patients, the
95%-CIs in female patients fell below the threshold for
seven conditions that were ≥ the threshold in the pri-
mary analysis: chlamydial infection, infectious mono-
nucleosis, herpes simplex infections, abnormal weight
loss, candidiasis, herpes zoster, and seborrheic
dermatitis. It can be observed that the site of candidi-
asis differs between the genders. While candidiasis of
the vulva and vagina is by far the most common diag-
nosis in female patients with candidiasis, candidal
stomatitis is the most common diagnosis in male pa-
tients with candidiasis.
www.thelancet.com Vol 73 July, 2024
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HIV indicator condition ICD-10 codes Sample size HIV prevalence in % (95%-CI)

Pneumocystosis B48.5, B59 615 40.33 (36.42–44.23)

Oral hairy leukoplakia K13.3 158 36.71 (29.11–44.3)

Kaposi’s sarcoma C46 998 29.86 (27.05–32.77)

Syphilis A50, A51, A52, A53 12,939 11.49 (10.95–12.05)

Gonococcal infection A54 6305 6.92 (6.31–7.55)

Acute hepatitis C B17.1 9128 3.13 (2.78–3.49)

Malignant neoplasm of anus and anal canal C21 4791 2.94 (2.46–3.42)

Chronic viral hepatitis B18 9620 2.93 (2.6–3.26)

Anogenital (venereal) warts A63.0 6261 2.86 (2.46–3.27)

Chlamydial infection A55, A56 6020 2.24 (1.88–2.62)

Acute hepatitis B B16 9975 1.66 (1.41–1.91)

Papillomavirus as the cause of diseases B97.7 3887 1.65 (1.26–2.06)

Tuberculosis A15, A16, A17, A18, A19 17,107 1.57 (1.39–1.76)

Hodgkin’s lymphoma C81 7981 1.13 (0.9–1.37)

Acute hepatitis A B15 9090 1.08 (0.87–1.29)

Pneumonia J10.0, J11.0, J12, J13, J14, J15, J16, J17, J18 24,013 0.91 (0.79–1.03)

Non-Hodgkin’s lymphoma C82, C83, C84, C85, C86 23,271 0.53 (0.44–0.63)

Infectious mononucleosis B27 6858 0.39 (0.26–0.55)

Herpes simplex infections B00 5877 0.39 (0.24–0.56)

Abnormal weight loss R63.4 4262 0.38 (0.21–0.56)

Candidiasis B37 5146 0.35 (0.19–0.52)

Herpes zoster B02 4635 0.35 (0.19–0.52)

Dysplasia/malignant neoplasm of cervix uteri C53, N87 14,508 0.26 (0.18–0.35)

Trichomoniasis A59 6512 0.26 (0.14–0.4)

Malignant neoplasm of bronchus and lung C34 2467 0.24 (0.08–0.45)

Seborrheic dermatitis L21 6229 0.22 (0.11–0.35)

Table 3: HIV prevalences in HIV indicator conditions in the primary analysis.

Articles
Differences between the groups are also apparent
when stratified by age. Predominantly, the highest HIV
prevalences are found in patients between 30 and 59
years of age (see Table 5). While the 95%-CIs for this
group were ≥0.1% for each IC, the 95%-CIs fell below
the 0.1% thresholds for some conditions regarding the
other groups. In patients younger than 30 years, the
95%-CIs fell below the threshold in the following con-
ditions: Seborrheic dermatitis, trichomoniasis,
dysplasia/malignant neoplasm of cervix uteri, herpes
zoster, candidiasis, abnormal weight loss, non-Hodg-
kin’s lymphoma, and Hodgkin’s lymphoma. In the
group of patients 60 years and older, this is the case for
seborrheic dermatitis, malignant neoplasm of bronchus
and lung, trichomoniasis, dysplasia/malignant
neoplasm of cervix uteri, herpes zoster, candidiasis,
abnormal weight loss, herpes simplex, and mono-
nucleosis. As shown in Table 5, due to the small num-
ber of cases in the stratum of those under 30 years of
age, no results were considered for five diseases. These
are predominantly malignant diseases.
Discussion
In the HeLP study, large samples of patients diagnosed
with internationally described ICs were examined
www.thelancet.com Vol 73 July, 2024
regarding the occurrence of HIV, in order to investigate if
these ICs are useable as an indicator for a HIV infection in
Germany (HIV prevalence is ≥0.1%). Most of the IC
populations show HIV prevalence rates where HIV testing
would be effective. As mentioned in the introduction, there
are other possible reasons besides HIV prevalence for
classifying a disease as an HIV indicator condition. Due to
the methodology of the analysis, which was focused on the
frequency of HIV infections, these additional reasons are
not considered here. The results should be viewed from
this perspective. Recommendations for other reasons
should explicitly not be disproved. They just may not be
additionally supported by prevalence/incidence presented
here. As described above, HIV testing recommendations
can thus be made for HIV indicator conditions.

The recommendation for testing depends on the
level of differentiation regarding patient characteristics.
If only the disease status is considered, HIV testing
would be recommended for all IC examined except
malignant neoplasm of bronchus and lung. A more
complex picture emerges when patients are differenti-
ated based on their sociodemographic characteristics
such as gender and age. In order to avoid potential
stigmatization of groups and complicated testing rec-
ommendations in guidelines, it seems reasonable that
HIV testing recommendations may be based on the
7
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HIV indicator condition Malea Femalea

Sample size HIV prevalence in % (95%-CI) Sample size HIV prevalence in % (95%-CI)

Pneumocystosis 397 51.13 (46.35–55.92) 218 20.64 (15.6–26.15)

Oral hairy leukoplakia 86 52.33 (41.86–62.79) 72 18.06 (9.72–27.78)

Kaposi’s sarcoma 699 39.34 (35.77–43.06) 299 7.69 (4.68–11.04)

Syphilis 7658 18.7 (17.85–19.56) 5281 1.04 (0.78–1.33)

Gonococcal infection 3532 11.66 (10.62–12.74) 2773 0.87 (0.54–1.23)

Acute hepatitis C 5383 3.9 (3.4–4.42) 3745 2.03 (1.58–2.48)

Malignant neoplasm of anus and anal canal 1806 7.14 (5.98–8.31) 2985 0.4 (0.2–0.64)

Chronic viral hepatitis 5431 3.81 (3.31–4.33) 4189 1.79 (1.41–2.22)

Anogenital (venereal) warts 3487 4.59 (3.9–5.28) 2774 0.68 (0.4–1.01)

Chlamydial infection 1855 7.06 (5.88–8.25) 4165 0.1 (0.02–0.19)

Acute hepatitis B 5049 2.32 (1.92–2.75) 4926 0.99 (0.73–1.28)

Papillomavirus as the cause of diseases 166 21.69 (15.66–28.31) 3721 0.75 (0.48–1.05)

Tuberculosis 8271 2.01 (1.72–2.31) 8836 1.15 (0.94–1.38)

Hodgkin’s lymphoma 4010 1.87 (1.47–2.29) 3971 0.38 (0.2–0.58)

Acute hepatitis A 4296 1.61 (1.23–2) 4794 0.6 (0.4–0.83)

Pneumonia 12,533 1.22 (1.03–1.42) 11,480 0.57 (0.44–0.71)

Non-Hodgkin’s lymphoma 11,444 0.81 (0.66–0.98) 11,827 0.26 (0.18–0.36)

Infectious mononucleosis 2654 0.79 (0.49–1.13) 4204 0.14 (0.05–0.26)

Herpes simplex infections 1764 0.91 (0.51–1.36) 4113 0.17 (0.05–0.32)

Abnormal weight loss 1571 0.76 (0.38–1.21) 2691 0.15 (0.04–0.3)

Candidiasis 848 1.53 (0.71–2.36) 4298 0.12 (0.02–0.23)

Herpes zoster 1686 0.59 (0.24–1.01) 2949 0.2 (0.07–0.37)

Dysplasia/malignant neoplasm of cervix uteri <50b – 14,490 0.26 (0.18–0.35)

Trichomoniasis 968 0.52 (0.1–1.03) 5544 0.22 (0.11–0.34)

Malignant neoplasm of bronchus and lung 1421 0.35 (0.07–0.7) 1046 0.1 (0–0.29)

Seborrheic dermatitis 3222 0.4 (0.22–0.62) 3007 0.03 (0–0.1)

aAs registered at the insurance institution, the patient has the possibility to change the data. bThis group might include transgender men with a cervix uteri. However, the
sample size was too small for an investigation of HIV prevalence.

Table 4: HIV prevalences in HIV indicator conditions stratified by gender.
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non-stratified analysis. However, to ensure transparency
and specificity, a stratified presentation by age and sex
has been taken into account.

In patients diagnosed with syphilis, gonococcal
infection, acute hepatitis C, chronic viral hepatitis,
anogenital (venereal) warts, acute hepatitis B, papillo-
mavirus as the cause of diseases, tuberculosis, acute
hepatitis A, and pneumonia, ICs never overlapped the
threshold value of 0.1% in the primary analysis and in
all stratifications of the primary analysis. Being AIDS-
defining conditions, tuberculosis and recurrent pneu-
moniae are also generally considered as ICs regardless
of HIV prevalence.43

There are gaps in evidence for some strata regarding
oral hairy leukoplakia, Kaposi’s sarcoma, and malignant
neoplasm of anus and anal canal. In these ICs, the strat-
ified results regarding HIV prevalences in under 30 years
old were not considered, due to the low number of cases.
However, in the primary analysis and all considered strata,
the lower ends of the 95%-CI were always ≥0.1%. In
addition, pneumocystosis and Kaposi’s sarcoma a gener-
ally regarded as ICs, because these are AIDS-defining
conditions.43
In the following ICs, the 95%-CI was ≥ the threshold
in the primary analysis, but fell below the threshold in
some stratifications regarding age or gender: Chla-
mydial infection (below the threshold in women),
Hodgkin’s lymphoma (below the threshold in patients
under 30 year old), Non-Hodgkin’s lymphoma (below
the threshold in patients under 30 years old), infectious
mononucleosis (below the threshold in women or pa-
tients older than 60 years), herpes simplex infections
(below the threshold in women or patients older than 60
years), abnormal weight loss (below the threshold in
women or patients younger than 30 or patients older
than 60 years), candidiasis (below the threshold in
women or patients younger than 30 or patients older
than 60 years), herpes zoster (below the threshold in
patients younger than 30 or patients older than 60
years), dysplasia/malignant neoplasm of cervix uteri
(below the threshold in patients younger than 30 or
patients older than 60 years), trichomoniasis (below the
threshold in patients younger than 30 or patients older
than 60 years), and seborrheic dermatitis (below the
threshold in women or patients younger than 30 or
patients older than 60 years). It should be emphasized
www.thelancet.com Vol 73 July, 2024
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HIV indicator condition <30 years of age 30–< 60 years of age From 60 years of age

Sample size HIV prevalence in % (95%-CI) Sample size HIV prevalence in % (95%-CI) Sample size HIV prevalence in % (95%-CI)

Pneumocystosis <50 – 314 63.38 (57.97–68.79) 268 13.06 (8.96–17.16)

Oral hairy leukoplakia <50 – 97 48.45 (38.14–58.76) 57 15.79 (7.02–26.32)

Kaposi’s sarcoma <50 – 477 51.78 (47.18–56.18) 497 9.26 (6.84–11.87)

Syphilis 996 14.56 (12.35–16.77) 5775 20.85 (19.83–21.9) 6168 2.24 (1.88–2.61)

Gonococcal infection 1885 4.3 (3.4–5.25) 3248 10.13 (9.08–11.18) 1172 2.22 (1.37–3.16)

Acute hepatitis C 230 3.48 (1.3–6.09) 6608 3.92 (3.45–4.4) 2290 0.83 (0.48–1.22)

Malignant neoplasm of anus and anal canal <50 – 1763 6.24 (5.1–7.37) 3014 1 (0.66–1.36)

Chronic viral hepatitis 470 1.91 (0.85–3.19) 6811 3.7 (3.26–4.16) 2339 0.9 (0.56–1.33)

Anogenital (venereal) warts 1845 1.19 (0.7–1.73) 3958 3.74 (3.16–4.32) 458 1.97 (0.87–3.28)

Chlamydial infection 3584 0.7 (0.45–0.98) 2112 4.88 (3.98–5.82) 324 2.16 (0.62–3.7)

Acute hepatitis B 672 0.74 (0.15–1.49) 6652 2.04 (1.71–2.39) 2651 0.94 (0.6–1.32)

Papillomavirus as the cause of diseases 1230 0.49 (0.16–0.89) 2417 2.19 (1.61–2.81) 240 2.08 (0.42–4.17)

Tuberculosis 1430 0.84 (0.42–1.33) 7841 2.88 (2.51–3.26) 7836 0.38 (0.26–0.52)

Hodgkin’s lymphoma 805 0.25 (0–0.62) 4005 1.87 (1.47–2.3) 3171 0.41 (0.19–0.63)

Acute hepatitis A 367 1.09 (0.27–2.18) 4725 1.71 (1.35–2.1) 3998 0.33 (0.15–0.53)

Pneumonia 1576 0.82 (0.38–1.33) 9181 1.87 (1.6–2.16) 13,256 0.25 (0.17–0.34)

Non-Hodgkin’s lymphoma 619 0.48 (0–1.13) 7330 1.3 (1.04–1.57) 15,322 0.17 (0.1–0.23)

Infectious mononucleosis 2942 0.27 (0.1–0.48) 3164 0.57 (0.32–0.85) 752 0.13 (0–0.4)

Herpes simplex infections 1036 0.39 (0.1–0.77) 3006 0.5 (0.27–0.77) 1835 0.22 (0.05–0.44)

Abnormal weight loss 550 0.18 (0–0.55) 1705 0.82 (0.41–1.29) 2007 0.05 (0–0.15)

Candidiasis 1040 0 (0–0) 2541 0.55 (0.28–0.87) 1565 0.26 (0.06–0.51)

Herpes zoster 312 0.64 (0–1.6) 1713 0.76 (0.35–1.23) 2610 0.04 (0–0.11)

Dysplasia/malignant neoplasm of cervix uteri 2121 0.09 (0–0.24) 8709 0.39 (0.26–0.53) 3678 0.05 (0–0.14)

Trichomoniasis 1696 0 (0–0) 4021 0.4 (0.22–0.6) 795 0.13 (0–0.38)

Malignant neoplasm of bronchus and lung <50 – 655 0.61 (0.15–1.22) 1798 0.11 (0–0.28)

Seborrheic dermatitis 779 0.13 (0–0.39) 2666 0.41 (0.19–0.68) 2784 0.07 (0–0.18)

Table 5: HIV prevalences in HIV indicator conditions stratified by age.

Articles
that AIDS-defining conditions like Burkitt lymphoma,
immunoblastic lymphoma, primary lymphoma of brain,
herpes simplex (in some locations/duration), wasting
syndrome attributed to HIV, candidiasis of bronchi,
trachea, lung or esophagus, and invasive cervical cancer
are generally considered to be ICs regardless of HIV
prevalence.43

In the group of malignant neoplasm of bronchus and
lung, the 95%-CI of HIV prevalence was ≥ the threshold
only in one stratum (patients 30–< 60 years of age).

The integration of the results of the HeLP study into
published evidence is only possible with limitations.
The occurrence of HIV and ICs differs between
different regions (e.g., with regard to the overall preva-
lence/incidence and the predominantly affected groups
of people), so in order to keep the bias low, the com-
parison of prevalences/incidences is only made with
publications that refer to Europe, North America,
Australia, New Zeeland, or Japan. However, there may
be differences in the epidemiology of HIV and ICs be-
tween these regions. Another important point is that the
study designs differ (e.g., how the HIV prevalences/in-
cidences are determined, which time period is taken
into account and which patients are included). Besides
www.thelancet.com Vol 73 July, 2024
differences in study design, there are also differences in
HIV testing strategies in usual care.44 In addition, many
studies examine only a relatively small number of pa-
tients. These samples are often selective, since certain
groups of people are more likely to be offered an HIV
test than others, which means that published HIV
prevalences/incidences relating to selective subgroups
probably overestimate HIV prevalence/incidence. Since
our sensitivity analyses 1 to 3 include also patients with
known HIV diagnoses, the results cannot be extrapo-
lated to reflect a hypothetical positivity rate among
people with unknown HIV status tested for HIV.
Moreover, people living with HIV may be more likely to
be screened for some diseases, e.g., STI, and thus have a
higher chance of being selected for an indicator disease
sample. This would result in an overrepresentation of
people with HIV among those indicator conditions and
an overestimate of HIV prevalence in these sensitivity
analyses. However, only individuals who were without
HIV diagnosis at the time of IC but had an incident HIV
infection in the following 40 months were included in
sensitivity analysis 4.

STIs are commonly studied ICs in the corresponding
literature.17,25,27,30 In terms of summarized investigation
9
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of STIs, the published results vary. Agusti et al. and
Matulionytė et al. did not confirm "unspecified STI" as
IC, but Sullivan et al. did.17,25,27 In Omland et al., 2016,
the appropriateness examining "other STI" as an IC
depended on sex (higher for male than for female).30

The difference by sex reported by Omland et al. fits
well to our presented results. Additionally, presented
HIV prevalences/incidences vary among different STIs,
despite the commonality in the mode of transmission.
One possible explanation for this can be found in soci-
odemographic differences. For example, the data used
show that the majority of persons diagnosed with
trichomoniasis are women, whereas men make up the
majority for other STIs. Agusti et al. observed the
highest proportions of HIV within STIs in syphilis,
followed by gonococcal infections and, at a clear dis-
tance, chlamydial infections, which corresponds to the
results of the primary analysis in HeLP.25 In contrast, in
sensitivity analysis 4, HIV proportions are lower for
syphilis than for gonococcal infections. Moreover, con-
trary to the findings of Omland et al., in HeLP syphilis is
also a suitable indicator disease in females.30

Viral hepatitis were also considered in a number of
studies.17,22,25,28,30,32,33 As in the HeLP study, acute hepa-
titis infections are included in Girardi et al. and HIV
proportions considerably higher than 0.1% are observed
in men.28 In contrast, HIV proportion found in this
analysis are ≥0.1% for women, too. Published HIV
proportions of other studies are difficult to compare
because, for example, both acute and chronic hepatitis
diseases have been reported together or the authors
summarized, e.g., in "non-A hepatitis" or "hepatitis B or
C".17,22,25,30,32,33 In the vast majority of publications, hep-
atitis diseases are confirmed as ICs which fits to the
results of the presented primary analysis, but differs to
the results of sensitivity analysis 4.17,22,25,28,30,32,33 In addi-
tion, results presented here are in line with reports
about higher HIV proportions in patients with hepatitis
C than in patients with hepatitis B.22,25

In terms of HIV proportions in malignant disease,
cervical dysplasia/carcinoma is the most commonly
investigated.17,22,25,26,32,33 However, definitions of ICs vary
between publications. For example, it is reported
together with anal dysplasia/cancer in Sullivan et al.17

The published HIV proportions vary accordingly. In
this regard a trend cannot be identified.17,22,25,26,32,33

It is notable that Kaposi’s sarcoma has a very high
HIV prevalence in our primary analysis and could also
be confirmed as one of few ICs in sensitivity analysis 4,
but previously reported data are scarce. Agusti et al.
reported a proportion of zero for HIV diagnoses in this
IC.25 However, this may be due to the small number of
cases in the cited study.25

In contrast to the presented primary analysis, anal
carcinoma was not confirmed as IC in different defini-
tions and subgroups by Raben et al. and Sullivan
et al.17,32,33 Nevertheless, their findings are in line with
our sensitivity analysis 4. Strikingly, in our primary
analysis the HIV prevalence in anal carcinoma is ≥0.1%
in all subgroups considered.

The evidence regarding HIV prevalence/incidence in
Hodgkin’s and non-Hodgkin’s lymphoma is still lacking.
Sullivan et al. report a HIV proportion of less than 0.1%
for malignant lymphoma in general, while in a study by
Bogers et al. 0.7% of all patients with malignant lymphoma
tested for HIV within 3 months before or after diagnosis
were HIV-positive.17,45 Agusti et al. report no HIV cases for
"lymphoma other than non-Hodgkin’s". For non-Hodg-
kin’s lymphoma, they report an 95%-CI above 0.1% only
for males.25 For non-Hodgkin’s lymphoma, Raben et al.
report varying results depending on audit.32 These weak
conformations fit with rather low prevalences as reported
in the primary analysis of HeLP, where prevalences ≥0.1%
are nevertheless achieved in most stratifications.

In line with our study, Raben et al. (“primary lung
cancer”) and Omland et al. (“respiratory tract cancer”)
did not find proportions of HIV in malignant neoplasm
of bronchus and lung to classify them as an IC.30,33

The proportion of HIV in patients with pneumo-
cystosis or oral hairy cell leukoplakia have not been well
investigated before, but the reported high numbers in
HeLP are clinically plausible.

Reported HIV proportions in patients with tubercu-
losis vary widely.22,25,27,30,32 While Bogers et al. report a
proportion of about 5%, the proportion reported by
Matulionytė et al. is less than 1% and even below the
threshold according to Agusti et al.22,25,27 Omland et al.
and Raben et al. come to different results depending on
stratum/audit.30,32 In the primary analysis of HeLP, HIV
testing can be recommended due to HIV prevalence in
all strata considered, but with rather intermediate to low
HIV rates in the lower single-digit percentage range.

The published evidence regarding HIV proportions
in pneumonia is also very heterogeneous.25,30,31,33 Peck
et al. report (at a low case number) an HIV proportion of
21% (including already diagnosed infections) for "all
types of pneumonia," whereas Agusti et al. report zero
HIV cases for "recurrent pneumonia".25,31 The results by
Omland et al. and Raben et al. show proportions between
these results.30,33 While Raben et al. confirmed pneu-
monia with at least 24 h of hospitalization as IC, Omland
et al. found this for different types of pneumonia to be
dependent on e.g., age or gender.30,33 The results of HeLP
indicate pneumonia being an IC in the primary analysis,
although HIV prevalences are rather low.

Concerning herpes zoster, several publications
report HIV proportions in the single-digit percentage
range.17,25,27 However, in contrast, Menacho et al. report
zero HV cases, and in results presented by Omland et al.
it is age-dependent in females whether an HIV pro-
portion is above the threshold.29,30 In the primary anal-
ysis of HeLP, no testing recommendation due to HIV
prevalence for women and specific age groups can be
confirmed.
www.thelancet.com Vol 73 July, 2024
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The situation is similar for herpes simplex. While the
published evidence is rather weak (few publications in
some of which only certain herpes simplex infections
are considered) and does not offer a consistent conclu-
sion, a recommendation for testing due to HIV preva-
lence limited to specific groups of age or gender can also
be made regarding the results of HeLP.25,27,30

In terms of candidiasis, more specific cohorts than
those used here are included in most of the published
studies.25,27,30,32 To ensure transparency, a more detailed
presentation of HIV prevalences in patients with
candidiasis is given in Supplementary Table S2. This
more detailed breakdown is provided in the appendix, as
these results cannot be interpreted reliably. This is
partly due to the often small number of cases and partly
to the rather unspecific subcodes specified by ICD-10.
Furthermore, although the cumulative candidiasis
sample corresponds to the ICD-10 population of the
health insurance funds, this is not necessarily the case
for the more specific subcodes. Agusti et al. reported
HIV proportions above 0.1% in women with non-
pulmonary candidiasis, Matulionytė et al. reported an
HIV proportion of zero in oral candidiasis, and Raben
et al. confirmed esophageal candidiasis as an IC.25,27,32

The results by Omland et al. depend on age and sex.30

Once again, based on the results shown here, a
recommendation for testing due to HIV prevalence
limited to specific groups of age or gender can be made.
In the analysis presented, candidiasis of the vulva and
vagina accounted for the largest proportion of diagnoses
in female patients with candidiasis, while candidal sto-
matitis was most common in men. Differences in HIV
prevalence between the genders may therefore also be
due to differences in the type of candidiasis.

Results of HeLP cannot confirm the relatively high
HIV proportions reported for mononucleosis and
mononucleosis-like diseases in some studies.17,25,29,30,33

According to the German data in the primary analysis,
testing recommendation could be rethink for women
and persons 60 years of age and older.

For seborrheic dermatitis, most reported HIV pro-
portions are higher than presented here. However, the
basic message that seborrheic dermatitis is an appro-
priate IC is consistent between most publications and
fits to the results in the primary analysis of
HeLP.17,25,27,29,30,33 Consistent with Omland et al., this
statement depends on age and sex.30

The significantly higher HIV prevalences/incidences
among male persons with ICs reported here seem
plausible, since in Germany, as in many western
countries, men account for the majority of HIV-positive
persons.1,5 The very significant differences in HIV
prevalences for chlamydial infection and papillomavirus
as the cause of diseases also reflect the fact that in
Germany, women are comparatively often routinely
tested for these STIs, whereas in men this is predomi-
nantly only the case in the event of symptoms or known
www.thelancet.com Vol 73 July, 2024
risk behavior. It can be assumed that there is a high gap
in the diagnosis of infections with chlamydia and
papillomavirus in the German male population. Patients
were grouped according to their registered gender, not
their sex at birth. This may lead to different rates, as, for
example, transgender women probably show higher
HIV prevalence rates than cisgender women.46 Howev-
er, as the samples are unlikely to include many trans-
gender persons, the effect is estimated to be minor. The
general differences between age strata also seem
plausible.

One potential limitation of our analysis relates to the
composition of some ICs from individual ICD-10 codes.
Hence, the random samples within ICD-10 codes are
representative for the respective ICD-10 population of
the cooperating statutory health insurances, but since a
maximum of 15,000 patients per ICD-10 code were
drawn, the ratio of individual ICD-10 codes within a
grouped IC does not necessarily correspond to the
actual distribution. However, this only affects six of the
26 ICs as the effect is only seen in ICs that are
composed of multiple ICD-10 codes and in which
individual ICD-10 codes are very common (syphilis,
chlamydial infection, tuberculosis, pneumonia, non-
Hodgkin’s lymphoma, dysplasia/malignant neoplasm
of cervix uteri).

In addition, the statutory health insurances involved
do not represent the entire German population. As
mentioned above, the AOK is open to all German in-
habitants. Nevertheless, in a study published in 2017,
Hoffman & Koller showed that, compared to other
health insurance funds, people insured by the AOK are
more likely to have a low socio-economic status and to
be migrants. They are also more often obese and
smokers.47 However, it should also be noted that study
populations are generally subject to selection, and the
high number of cases from all over Germany may give a
more representative result than, for example, recruit-
ment from hospitals in large cities.

With around 27 million people, samples are drawn
from a very high number of cases. The number of cases
of each IC group far exceeds what can be achieved in
most studies. Nevertheless, especially in the stratifica-
tions, it cannot be ruled out that 95%-CIs are not above
the threshold due to a too small number of cases.
Another limitation is that ICD-10 codes in routine data
are primarily intended for billing and not for scientific
evaluations and may contain miscoding.48,49 Neverthe-
less, they are considered to be an established data source
for scientific research.35,36 A strength of routine data is
that it is real evidence from everyday care, not from an
artificial, often selective clinical trial population. Because
of the observation of everyday care without intervention,
there was no trial-specific HIV testing. It can be
assumed that especially people with an increased risk of
HIV are offered/willing to take an HIV test. Therefore,
studies that focus on patients with HIV testing may
11
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overestimate the prevalence of HIV in patients with IC.
Vice versa, without trial-specific HIV testing, it is
possible that some HIV infections remain undetected
despite several years of follow-up, which would lead to
an underestimation of HIV prevalence.

As shown in sensitivity analyses 1 to 3, the influence
of other potential limitations, such as the fact that the
exact time interval between HIV infection and initial HIV
diagnosis is unknown and literature based estimated, is
minor. The time period in the primary analysis does not
lead to fundamentally different results than in the
sensitivity analyses 1 to 3. Sensitivity analysis 4, however,
shows a strong effect of whether HIV prevalence/inci-
dence is calculated in an IC random sample or in a
sample without people already living with HIV.

In conclusion, the results presented showed that a
majority of the internationally described ICs examined
could be confirmed for the German context in our pri-
mary analysis based on German statutory health insur-
ance data, with remarkable differences regarding age and
gender. So, the module of the HeLP study was able to fill
an important evidence gap based on an exceptionally
large and less selective cohort. The results are specific to
Germany, but they can also be used to establish testing
recommendations in other countries with a similar
epidemiology of ICs and HIV. This is particularly useful
if there are no studies for these regions or only a few with
low case numbers. In the further course of the study,
approaches will be developed to strengthen HIV testing
recommendations regarding confirmed IC in corre-
sponding medical guidelines.
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