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Abstract

Background: Evaluating the completeness of tuberculosis (TB) notification data is important for monitoring of TB
surveillance systems. We conducted an inventory study to calculate TB underreporting in Germany in 2013-2017.

Methods: Acquisition of two pseudonymized case-based data sources (national TB notification data and antibiotic
resistance surveillance data) was followed by two-source Capture-recapture (CRC) analysis, as case-based data from
a third source was unavailable. Aggregated data on consumption of a key anti-TB drug (pyrazinamide [PZA]) was
compared to an estimated need for PZA based on TB notification data to obtain an independent underreporting

dataset.

estimation. Additionally, notified TB incidence was compared to TB rate in an aggregated health insurance fund

Results: CRC and PZA-based approaches indicated that between 93 and 97% (CRC) and between 91 and 95%
(PZA) of estimated cases were captured in the national TB notification data in the years 2013-2017. Insurance fund
dataset did not indicate TB underreporting on the national level in 2017.

Conclusions: Our results suggest that more than 90% of estimated TB cases are captured within the German TB
surveillance system, and accordingly the TB notification rate is likely a good proxy of the diagnosed TB incidence
rate. An increase in underreporting and discrepancies however should be further investigated.
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Background

Tuberculosis (TB) is one of the biggest public health in-
fectious disease threats globally, with an estimated 10
million people who fell sick with TB and 1.6 million
people who died of TB in 2017 [1]. To achieve the goals
of the End TB strategy of the World Health
Organization (WHO) [2] it is crucial to diagnose people
with TB early and treat them adequately. Mandatory
case-based reporting to a national surveillance system
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allows systematic and regular monitoring and treatment
follow-up of TB patients. Yet, it is estimated that, in
2017, approximately 35% of TB patients worldwide were
either not diagnosed and/or not reported to surveillance
systems [1]. Evaluation of the reliability of TB surveil-
lance is important for development of national strategies,
tracking and reporting progress in control efforts, and
guiding policy decisions. Surveillance data should reflect
the real number of disease cases, as the consequence of
underreporting is uncertainty in the key indicators for
TB, such as the incidence and treatment outcome [3, 4].

In Germany, the Robert Koch Institute (RKI), as the
national public health institute, is responsible for
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conducting nationwide infectious disease surveillance.
Since TB is a notifiable disease [5], pseudonymized case-
based data on TB patients is reported to the national
surveillance database of the RKI (SurvNet@rki [6]) by
the local district health authorities via state health de-
partments. The TB notification rate in Germany was on
the rise between 2013 and 2016 with the largest increase
in 2015 (TB incidence, unit: persons/100.000 population
per year; in 2013: 5.4; 2014: 5.6; 2015: 7.1; 2016: 7.2;
number of notified TB patients in 2013: 4345; 2014:
4529; 2015: 5837; 2016: 5926). In 2017, 5495 TB patients
were notified to the RKI, corresponding to reported inci-
dence of 6.6 per 100,000 population. Using standard ad-
justment of the notification data, the WHO estimated
the percentage of TB underreporting in Germany to be
11% for 2017 [1]. However, assessing reporting com-
pleteness of the electronic surveillance systems is best
done through inventory studies [7], which reveal data-
driven and, hence, more certain underreporting esti-
mates that are tailored to each country’s unique health
care system and TB epidemiology.

An inventory study is a methodology used to investi-
gate the level of underreporting of cases of a disease
based on comparison of the records in independent dis-
ease registers [4]. It includes acquisition of case-based
datasets, de-duplication of each data source, and record-
linkage (RL). RL can either be followed by capture-
recapture (CRC) analysis or observed underreporting
calculation [4].

In recent years the gap between reported and real TB
incidence has been investigated through the use of in-
ventory studies in China [8], Egypt [9], Indonesia, Iraq
[10], Taiwan [11], Yemen [12] and nine European coun-
tries [13—17]. In Greece the reporting completeness was
calculated from the recorded anti-TB medication con-
sumption [18].

To date, no inventory study has been conducted in
Germany to estimate the underreporting of TB patients
and the TB underreporting estimated by WHO has not
been validated using the existing case-based data
sources. Here, we aim to conduct an inventory study for
diagnosed TB in Germany by acquiring available case-
based datasets and estimating TB underreporting in
Germany for the years 2013-2017 in order to estimate
the completeness of the German TB notifications.

Methods

The study design is an inventory study using CRC meth-
odology, which stems from ecology and allows modeling
of the total population size [19]. In the field of epidemi-
ology, this method is implemented to estimate the com-
pleteness of disease registers [20]. The assumptions of
CRC are: closed population structure, independence of
data sources, perfect matching across data sources, and
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the same probability of being included in different
data sources. Since CRC studies in epidemiology
rarely meet all of these assumptions, it is recom-
mended to use at minimum three data sources in
order to counteract the effect of the violation of as-
sumptions on the study results [4].

In a different approach, the number of disease cases
can be calculated based on recorded utilization of
disease-specific medication defined by anatomical-
therapeutic-chemical (ATC) classification system con-
trolled by WHO Collaborating Centre for Drug Statistics
Methodology [21] in a given time and study area [15].
Data on utilization of a particular medication can in-
clude medication sales, number of filled prescriptions, or
number of written prescriptions. Defined daily dose
(DDD) and average treatment time define the amount of
the medication needed to treat a patient [22]. Out of the
four first-line drugs used in the treatment of TB, Pyrazi-
namide (PZA) is the only medication used exclusively to
treat TB and no other medical conditions and is used
primarily in the intense treatment phase. Hence, it is
also possible to use the total amount of PZA utilized
over a particular time period in a region or country as a
proxy for the total number of the treated TB patients,
after adjusting for important factors that affect the
utilization, such as resistances.

Figure 1 summarizes the design and steps of the TB
inventory study in Germany, as described in detail
below.

Data acquisition

Only institutions from which the datasets were acquired
and used in the study are named in this manuscript. The
remaining ones are categorized as particular institution
type (e.g. “statutory health insurance company”).

Identification of case-based datasets on TB patients and
requests for case-based datasets

A list of 23 institutions that collect case-based data in-
cluding data on TB patients in Germany was created. In-
stitutions with data sharing policies that prevented the
acquisition of case-based data within the project timeline
and/or institutions lacking recent data were excluded
from the list. Inquiries for anonymized, case-based data-
sets were sent to two statutory health insurance (SHI)
companies, a health insurance fund, two statistical agen-
cies, a research institute for medical care in Germany,
and, internally to a unit of RKI (Supplementary Table 1).
One aggregated dataset with PZA pharmacy data was
already available at RKIL

Acquisition of the datasets (case-based or aggregated)
Out of the contacted institutions, only the RKI Unit for
Healthcare-associated Infections, Surveillance of Antibiotic
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Fig. 1 Design of the inventory study of TB registers in Germany

Resistance and Consumption accepted the inquiry to
share national, case-based antibiotic resistance surveil-
lance (ARS) data. Among the contacted external insti-
tutions, three agreed to send only aggregated data
due to internal data-sharing policies, one rejected the
data-sharing request due to lack of capacity, one re-
quired a fee and had a waiting time that exceeded
the funding period of the study, and one stopped
responding to e-mails or calls with no data being sent
(Supplementary Table 1). By March 2019, the data
collection was completed with the acquisition of two
case-based pseudonymized datasets, both of which are
held by the RKI: national TB notification data and
ARS data. Five aggregated datasets from three exter-
nal institutions were acquired. Data protection guide-
lines were strictly followed for all data received,
whether case-based or aggregated. The TB notification
data utilized in the study were collected in accord-
ance with the German ‘Protection against Infection
Act’ (‘Infektionsschutzgesetz’), which has very strin-
gent data protection guidelines.

Assessment of data quality

Both case-based datasets contained variables that were
necessary for matching the two datasets and were in-
cluded into the further analysis. Out of the five aggre-
gated datasets, three were excluded from the analysis
due to unreliable data quality (e.g. ratio of female to
male TB patients larger than 1:1, although the female to
male ratio among TB patients has been consistently re-
ported as being close to 1:2 [1, 23, 24]). Aggregated data
from Betriebskrankenkassen Dachverband (BKK DV) —
health insurance fund — and from Insight Health, a com-
pany which collects prescription data from pharmacies -
were included into the further analysis.

Data sources

TB notification data The TB patients in TB notification
data are defined by the RKI case definition [25] and
meet at least one of the two criteria: the responsible
medical doctor recommended full course of anti-TB
treatment, or evidence was found for the need of full
antibiotic treatment of TB after the death of a person.
The case definition corresponds to ICD-10 codes: A15-
A19.9; B90.0-B90.9; U82.0 and U82.1 For the purposes
of this study, a subset of the TB notification data (data
status as of March 31st, 2019) spanning the years 2013—
2017 and containing the following variables was ex-
tracted: birth month and vyear, sex, federal state,
hospitalization status and dates, site of disease, date and
month of death (if applicable), and resistance to any of
the following anti-TB medications: PZA, isoniazid, ri-
fampicin, ethambutol, streptomycin, ofloxacin, moxiflox-
acin, levofloxacin, amikacin, kanamycin, capreomycin,
cycloserine, linezolid, p-aminosalicylic acid, prothiona-
mide, or rifabutin.

Antibiotic resistance surveillance (ARS) data ARS is a
surveillance system developed by RKI in 2007 [26]. It
contains routine case-based data on antimicrobial sus-
ceptibility testing from voluntarily participating German
laboratories. In the years 2013—-2017 21 laboratories pro-
viding diagnostic services for altogether 179 hospitals
and 3262 out-patient practices Germany-wide partici-
pated continuously in the data collection on TB. For the
purpose of this study, one isolate with microbiologically
confirmed TB was counted as one patient. A subset of
the ARS data spanning the years 2013-2017 and con-
taining the following variables was extracted: birth
month and year, sex, federal state, hospitalization status,
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and resistance to any of the anti-TB medications: PZA,
isoniazid, rifampicin, ethambutol, streptomycin, ofloxa-
cin, moxifloxacin, levofloxacin amikacin, kanamycin,
capreomycin, cycloserine, linezolid, p-aminosalicylic
acid, prothionamide, or rifabutin.

PZA pharmacy data Insight Health collects monthly
data on prescriptions filled by pharmacies in
Germany, which are purchased by the RKI in aggre-
gated form. The database captures 99.8% of all phar-
macy data within the SHI market in Germany, which
covered between 86.5 and 87.2% of the German
population over the study period, but does not in-
clude medications supplied in hospital pharmacies or
in prisons. For the purposes of this study, a subset of
the aggregated PZA prescription data spanning the
years 2013-2017 and containing the following vari-
ables was extracted: federal state, medication phar-
macy central number, medication producer, number
of pills in a package, medication strength, and total
number of filled prescriptions.

Insurance data BKK DV is a central organization of
company health insurance funds in Germany. As of
March 2019, it includes 76 health insurance companies
with 9 million insured individuals, constituting 10.6% of
German population. BKK DV provided aggregated data
on sex and state for individuals registered with ICD-10
codes corresponding to TB: A15-A19.9; B90.0-B90.9;
U82.0 and U82.1 who were insured through one of the
76 insurance companies and underwent in-patient hos-
pital treatment for TB in 2017.

Data analysis

Choice of methods for the underreporting calculation

We conducted a two-source CRC, since only two case-
based datasets were available. In order to address pos-
sible impact of violation of the CRC assumptions on the
study results, a novel, “double-pronged” approach was
developed to validate the CRC results using independent
aggregated data (Fig. 2). The PZA pharmacy data was
utilized to independently derive the total number of ac-
tive TB patients in each of the years between 2013 and
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2017. The expected amount of utilized PZA was derived
from TB notification data and compared to the ac-
tual amount of PZA utilized according to PZA phar-
macy data to calculate TB reporting completeness.
This way, the underreporting estimates resulting
from CRC analysis could be triangulated using inde-
pendently calculated TB underreporting based on the
PZA pharmacy dataset. Additionally, the BKK DV in-
surance data was utilized to test whether the TB rate
among the population insured by BKK DV in 2017
indicated TB underreporting in the 2017 TB notifica-
tion data.

Data preprocessing

All analysis steps and calculations were conducted using
R (version 3.5.1) [27]. Column and variable names were
standardized between ARS and the TB notification data.
Missing values for sex, hospitalization, and state vari-
ables were replaced with NA values. The ARS dataset
was de-duplicated by retaining only entries with the
earliest report date in cases where the same patient iden-
tifiers were recorded multiple times. All datasets were
split by reporting years.

Calculation of the TB underreporting part I: record linkage,
observed underreporting calculation and capture-recapture
analysis

Probabilistic RL between TB notification data and
ARS data for calculation of observed underreporting
and CRC analysis was conducted in order to identify
patients captured in both, the TB notification system
and ARS database, using the R-package RecordLink-
age [28] with birth month, birth year, federal state,
hospitalization status, and sex as obligatory matching
arguments in the first iteration of the matching. The
matched patients were then excluded from the data-
sets and a second iteration of matching was per-
formed for the remaining patients, excluding the
obligatory matching of sex in order to include the pa-
tients with missing sex. In the same way, third and
fourth iterations of matching were performed exclud-
ing the obligatory matching based on state and
hospitalization ~ variables, respectively. The pairs

2-source CRC using

TB notification data
and ARS data

Calculation of the
amount of needed
PZA based on
notification data
followed by
comparison with
PZA pharmacy data

Fig. 2 Methods used to calculate TB reporting completeness in Germany based on different collected datasets

Calculation of the
TB rate among
population insured
in BKK DV followed
by comparison with
notified TB
incidence
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recorded in each iteration of the matching process
were summarized to calculate overlap between the
datasets.

The observed underreporting was calculated for each
year as the sum of TB patients notified to the RKI for
that year and the patients who were reported to ARS in
that same year, minus the patients matched between the
two databases.

CRC analysis of TB notification and ARS data was
performed using R package Rcapture [23]. Closed
population models were built for each of the report-
ing years from 2013 to 2017 using “closedp” func-
tion, with the vectors representing captures of
patients in ARS and the TB notification data as ar-
guments and default parameters. In each of the in-
vestigated years the model presenting minimal
Akaike’s Information Criterion (AIC) and adjusting
for lack of independence between the data sources
was chosen to estimate the total number of TB pa-
tients in Germany (for additional details, see Supple-
ment Method 1) and the 95% confidence intervals
(95% CI).

Calculation of the TB underreporting part II: validation of
CRC results via analysis of aggregated PZA data

Total recorded quantity of PZA from filled prescriptions
in years 2013-2017 was calculated as sum of the pre-
scribed standard units of the medication multiplied by
their corresponding strength reported in PZA pharmacy
data (Eq. 1):
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Apza = Z:’le X Spza (1)

Where:

Apza — total recorded amount of PZA from filled
prescriptions;

P — number of standard units of PZA from filled
prescriptions;

Spza — strength of PZA in one standard unit from
filled prescriptions;

n — types of standard units of PZA from filled pre-
scriptions in a given year.

Total amount of PZA required for treatment of
all notified TB patients in Germany, 2013-2017,
was estimated with two approaches. First, the
amount of PZA needed to treat all notified TB pa-
tients was calculated according to a previously de-
scribed  WHO methodology on drug utilization
research [24]. For this calculation, defined daily
dose of PZA (DDDpzs, 1750 mg) and an average
treatment time of 60 days were used for all the pa-
tients notified in each of the years 2013-2017.
However, since over 70% of TB patients in
Germany underwent hospitalization in 2013-2017
according to the TB notification data (Supplement
Table 1), and PZA treatment regimens vary depend-
ing on the patients’ age, weight, and antibiotic re-
sistance profile, a second approach, where the
amount of PZA needed to treat each notified pa-
tient was calculated based on (A) the estimated
DDDpz, adjusted for individual patient’s age, and

Table 1 Adjustments to the DDDpz4 and PZA treatment length based on notified patients’ characteristics

Adjustment to  Notified variable Value of the notified variable Adjustment
DDDpza* Age group 0-4 500 mg
5-10 750mg
11-14 1250 mg
>14 1750 mg
Treatment length  Resistance against Isoniazid + Ethambutol 10.5 months (average of the recommended 9 to 12 months)
Isoniazid + Rifampicin** 18 months
PZA 0 months

Hospitalization

Hospitalization status = “yes”

Death during treatment Date of death

Hospital admission and discharge dates

Recommended PZA treatment time (60 days) minus number of
days of hospitalization falling within PZA treatment time

Recommended PZA treatment time (60 days) minus average
number of days of hospitalization*** falling within PZA
treatment time

Recommended PZA treatment time (60 days) minus number of
days between date of death and expected treatment end time

*The adjustments to DDDpza Were based on patient’s age since weight is not a notifiable variable. The dosage assumed for age groups was based on the
recommendations of the medication producer Riemser Arzneimittel AG, Germany, which supplied the majority of PZA in Germany from 2013-2017 (according to

the PZA pharmacy data)
**Multidrug-resistant TB (MDR-TB)
***Calculated based on hospitalized TB patients from the corresponding year
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Date of death
before diagnosis date?

YES NO

Treatment length: 60 days*
from the date of diagnosis minus

Death between diagnosis and
expected treatment end?

average hospitalization time

YES

NO

Hospitalization
during treatment?

YES NO

Treatment length: from
the date of diagnosis until
the date of death

Treatment length: from the date
of diagnosis until the date of
death minus hospitalization time

540 days (18 months)

Fig. 3 Algorithm used to estimate PZA treatment length based on TB notification data. The treatment time adjustments included the events of
hospitalization within treatment time, death before the end of treatment, and resistances. In cases where TB notification data contained
inconsistent information on date of death and/or date of diagnosis (implying that diagnosis took place after death), standard treatment length of
60 days with PZA and the average hospitalization time of all TB patients from the corresponding year were assumed. *For TB patients with
resistance against PZA, the length of treatment with PZA was assumed to be 0 days. For patients with Isoniazid and Streptomycin resistance, the
expected PZA treatment time was 315 days (10.5 months). For patients with MDR-TB, the PZA treatment length was considered

Hospitalization
during treatment?

YES NO

Treatment length: 60 days*
from the date of diagnosis

Treatment length: 60 days*
from the date of diagnosis
minus hospitalization time

(B) the treatment length adjusted for individual re-
sistance profile, age, length of hospitalization, and
death during treatment, was implemented. All treat-
ment adjustments were based on the German na-
tional treatment guidelines for TB [29] and were
confirmed with guidelines authors. The imple-
mented adjustments are listed in the Table 1.

The length of the treatment using PZA for each pa-
tient was calculated according to the algorithm pre-
sented in Fig. 3.

Adjusted DDDpyz, and treatment length were used to
calculate PZA needed for every notified patient accord-
ing to Eq. 2:

PZA, = DDDPZA,v X t; (2)

Where:

PZA;, year — PZA need for a given notified TB patient
from a given year;

DDDpyzy,,,, — DDDpza estimated for a given TB pa-
tient from the given year;

L year — PZA treatment time for a given TB patient
from the given year.

The calculated amount of PZA was summarized for
patients notified in a given year as follows (Eq. 3):

PZAyear = . PZA; year (3)

Where:

PZA, ., — PZA needed for treatment of single notified
TB patients in a given year;

n - number of TB patients in a given year.

The 95% CI was calculated using nonparametric boot-
strapping with 10,000 bootstraps for data from each no-
tification year with R-package boot [30, 31].

Comparison of TB notification data with insurance data of
hospitalized TB patients

In 2017, 10.6% of German population was insured by
BKK DV, with the proportion of those insured varying
by federal state (Table 3). The population counts were
based on the reports of Federal Statistical Office of
Germany from March 2019 [32]. In order to compare
the TB rates in the insurance data to the notified TB in-
cidence for every state, the rate of population in every
state insured by BKK DV was calculated, with exclusion
of 4 out of 16 states (Thuringia, Bremen, Saarland and
Mecklenburg-Western Pomerania, altogether constitut-
ing 6.6% of the German population), which was not
shared by BKK DV due to internal data protection pol-
icies preventing sharing aggregated data in case of low
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case number. Then, patients that were notified as result-
ing from asylum seekers, refugee, prisoners and home-
less people screening as well as patients diagnosed after
death were excluded from the TB notification data, since
they are not eligible to be insured by BKK DV and are
covered under other insurance and/or medical payment
schemes, as well as TB patients who were notified as not
having been hospitalized (insurance data received con-
sisted of hospital in-patient care data only). The patients
diagnosed with TB after death would not have been reg-
istered as TB patients in BKK DV. Next, TB rates were
calculated separately for every federal state, first using
the insurance data and then using the TB notification
data and the values obtained from the two data sources
were compared.

Results

Probabilistic RL, observed underreporting and CRC
analysis

Probabilistic RL revealed high level of overlap between
the TB notification and ARS registers (Table 2). The ob-
served underreporting ranged from 2.9 to 6.5% and in-
creased from 4.2 to 6.5% in 2013-2017. The
underreporting estimated with CRC ranged from 3.0 to
7.0% and increased from 4.4 to 7.0% in 2013-2017
(Table 2, Fig. 4).

Estimation of TB underreporting in Germany based on PZA
pharmacy data

The amount of PZA required to treat the notified TB
patients and calculated according to the methodology on
drug utilization research [33] was higher in comparison
to the amount of PZA from filled PZA prescriptions in
each of the years 2013-2017 (Fig. 5). However, after
adjusting treatment length and DDDpz, for the factors
influencing the recommended duration of PZA treat-
ment, the obtained amount of PZA needed to treat the
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difference between the amount of PZA sold by pharma-
cies and PZA demand adjusted for the listed factors
demonstrated underreporting of TB in the years 2013,
2014, 2016 and 2017 (Table 3). In 2015, the estimated
demand was still higher than the amount of PZA sold in
pharmacies (Table 3).

Comparisons of TB notification data with aggregated
insurance data

We compared the TB notification rate with the TB rate
the insurance data (Table 4). In all the states as well as
for the whole country, rate of TB was lower in insurance
data than in the TB notification data. Therefore, no
underreporting on a country-level was inclined by aggre-
gated insurance data.

Discussion
In order to achieve the goal of assessing the complete-
ness of TB notification in Germany we estimated the
level of the underreporting of diagnosed TB in 2013-
2017 using two different methods: CRC analysis and
comparison of demand for the first-line anti-TB drug
PZA based on TB notification data with the recorded
consumption of PZA. Further, we compared TB inci-
dence in 2017 estimated based on insurance fund data
on in-patient care of TB patients with notified TB inci-
dence in 2017. In summary, the estimated TB underre-
porting was lowest in the year 2014 (CRC: 3.0%; PZA:
5.3%) and highest in 2016 and 2017 (2016, CRC: 6.0%,
PZA: 9.4%; 2017: CRC: 6.6%, PZA: 7.0%), and did not ex-
ceed the level of 10% in any of the studied years.
According to WHO, a successful inventory study re-
quires six components: (1) case-based data with reliable
personal identifiers, (2) standard case definitions across
all care providers, (3) adequate staffing and funding, (4)
care providers outside the existing national TB control
programs network can be mapped and convinced to par-

notified patients in 2013-2017 was lower (Fig. 5). The ticipate, (5) expertise in sampling design, data
Table 2 The results of RL and CRC analysis for each of the years 2013-2017
Year Number of Number Number of Observed Observed Population Std. error (CRC) Under-
notified of ARS matched number of under- size (CRC) reporting
patients patients patients reporting (CRQ)
patients
2013 4345 503 310 4539 4.2% 4549; 33 4.4%;
95% Cl: 4542-4554 95% Cl: 4.3-4.6%
2014 4529 391 255 4666 2.9% 4672; 22 3.0%;
95% Cl: 4542-4554 95% Cl: 3.0-3.1
2015 5837 687 440 6084 4.0% 6095; 36 4.2%;
95% Cl: 6088-6102 95% Cl: 4.1-4.3
2016 5926 937 580 6283 5.7% 6306; 54 6.0%;
95% Cl: 6295-6316 95% Cl: 5.9-6.2
2017 5495 1124 741 5878 6.5% 5908; 6.2 7.0%;

95% Cl: 5895-5919

95% Cl: 6.8-7.2

Std. error standard error of the mean, 95% Cl 95% confidence interval



Domaszewska et al. BVIC Infectious Diseases (2020) 20:766 Page 8 of 13
p
6000 ]

% R Dataset

Q0 — I Notification data

© Lo B ARS data

5 40007 [ Matched cases

O

f —

3

c 2000 A

= ~ Total number of TB patients

z estimated with CRC

0 -
2013 2014 2015 2016 2017
Year
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management and data analysis, and (6) at least three
fairly independent data sources and sampling of 50% of
country areas if CRC is planned.

Our study addressed all of the listed components des-
pite encountered limitations. Due to the availability of
only pseudonymous data for this study, we used prob-
abilistic RL on case-based data to comply with compo-
nent (1). The components 2, 3, and 4, are fulfilled in
Germany which is a country with strong public health
system where TB is a notifiable disease and case defini-
tions are standardized, there is adequate staffing and
funding of the medical system and universal health care.
While RKI notification data refers to particular case def-
inition described in the Methods section, in the ARS
data the “case” is an isolate with microbiologically con-
firmed TB which has been addressed by our de-

duplication strategy. Component (5) was met as the
study team had high expertise in sampling design, data
management and data analysis and implemented robust
analytical methods. Condition (6) was a source of con-
cern for our study, as unavailability of a third case-based
data source as well as incompliance with the assumption
of closed population and independence of data sources
could have provided results that underestimated the true
underreporting estimation. In order to minimize this
bias, we (a) used CRC model adjusting for lack of inde-
pendence between datasets; and (b) developed a
“double-pronged” inventory study approach. This ap-
proach makes use of all available datasets by not only
conducting a CRC analysis, but also seeks to estimate
TB reporting completeness via other methods that do
not require case-based reporting, and then compares the

-

PZA prescription data and estimated demand

81 PZA prescription data

PZA demand adjusted for
- hospitalization, death
and resistances
~ unadjusted PZA demand

6e+08
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Fig. 5 Underreporting of TB estimated based on prescribed PZA pharmacy data
A\

2017
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Table 3 The results of PZA pharmacy data analysis for the years 2013-2017

Year Number of Average number Amount of PZA in PZA needed for treatment Underreporting
notified patients of days of PZA pharmacy of all patients reported in

hospitalization data in 108 mg the notification year in 10° mg

per TB patient
2013 4345 7.8 3.78 3.55; 95% Cl: 3.44-3.65 6.0%; 95% Cl: 3.4-7.8%
2014 4529 6.8 395 3.74; 95% Cl: 3.64-3.83 5.3%; 95% ClI: 3.0-7.8%
2015 5837 6.1 4.64 4.81; 95% Cl: 4.68-4.91 —3.6%; 95% Cl: 1.0-5.7%
2016 5926 6.1 529 4.79; 95% Cl: 4.66-4.89 9.4%; 95% Cl: 7.5-11.8%
2017 5495 55 4.79 4.48; 95% Cl: 4.32-4.56 6.6%; 95% Cl: 4.8-9.8%

derived results. Hence, even though there is a possibility
that our CRC analysis results could be biased towards
lower than real underreporting estimation, the overall
result of the “double-pronged” inventory study should
present a reliable picture of the underreporting of diag-
nosed TB in Germany. Our results show that the TB
underreporting estimations for 2017 based on the used
approaches are consistent with one another and indicate
TB underreporting of 7%, which is an increase in com-
parison to 2013-2014. We observed a discrepancy be-
tween TB underreporting estimates based on TB
notification data and PZA pharmacy data in the previous
years, which was particularly pronounced in 2015 and
2016 (2015: CRC: 4.2%; PZA: - 3.6%; 2016: CRC: 6.0%;
PZA: 9.4%). The discrepancies in datasets collected in
those years can be associated with demographic changes
caused by migration in the years 2014-2016, as immi-
grants to Germany largely originate from countries with

higher TB incidences, and TB notification rates are
about 20 times higher among foreign compared with
German citizens [34, 35]. Substantial numbers of asylum
seekers arrived in Germany in those years and it is pos-
sible that the notifications were susceptible to duplica-
tions due to frequent transfers of migrants between
areas under the jurisdiction of different public health of-
fices. In reference to CRC, the increased immigration
causes incompliance with the CRC assumption of the
closed population. Therefore, especially for the years
2014-2016 it is important to compare the results of
CRC with the results obtained with other methods.

The probabilistic RL of the records from ARS dataset
and TB notification dataset indicated an overlap of be-
tween 61% (in the years 2013 and 2016) and 65% (2014)
between the datasets while every laboratory-confirmed
TB case (representing 72.2% of diagnosed TB patients as
of 2017) should be notified. It is likely that the missing

Table 4 Comparison of TB notification data from 2017 with insurance data

State Number of Number Population Number of Adjusted® Population TBrate®?, Adjusted® TB notification
people of TB notified TB number of rate insured insurance TB rate®/TB rate®
insured in  patients in patients notified in BKKDV  data notification insurance
BKK DV insurance patients rate® data

data

Schleswig-Holstein 203,013 8 2,889,821 137 118 0.07 3.94 4.08 1.04

Hamburg 117,817 6 1,830,584 235 204 0.07 5.09 1.1 2.18

Lower Saxony 751,878 15 7,962,775 347 256 0.09 1.99 3.21 1.61

North Rhine-Westphalia 1,813,596 57 17912134 1219 1006 0.10 314 562 1.79

Hesse 664,507 15 6,243,262 569 500 0.1 2.26 8.01 3.54

Rhineland-Palatinate 434,667 14 4,073,679 240 195 0.1 322 4.79 149

Baden-Wirttemberg 1,440,334 30 11,023425 675 491 0.13 2.08 445 2.14

Bavaria 2013035 61 12997204 854 662 0.16 3.03 5.09 1.68

Berlin 441,751 38 3,613,495 420 347 0.12 8.60 9.60 112

Brandenburg 257,242 13 2,504,040 159 132 0.10 5.05 527 1.04

Saxony 165,932 6 4081308 211 181 0.04 362 443 1.22

Saxony-Anhalt 131,572 5 2,223,081 128 122 0.06 3.80 549 144

All 8,796,123 275 77,354,808 5194 4214 0.1 3.13 6.71 2.14

The table refers only to the patients from the 12 listed states (column “State”)

@ Adjusted notified patients - number of hospitalized TB patients without homeless, prisoners, asylum seeker or refugee status, diagnosed before death and

notified in 2017
® per 100,000 people
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35-39% unmatched patients comprise laboratory con-
firmed patients which have not been notified as well as
patients for which the completeness and coherence of
the notified and/or ARS data were insufficient to match
patients between the registers. This result encourages
further attention towards thoroughly reporting of patient
characteristics in the future.

The more than doubled number of TB patients in
ARS data was observed between the years 2013 and
2017. In those years, the data was collected from the
same participating hospitals and medical practices. Po-
tential reasons for such a large increase could include in-
creased testing of vulnerable groups, in particular
asylum seekers, and should be further investigated.
Smaller but significant increase in the number of TB pa-
tients is also visible in the notification data.

We used an independent method based on comparing
PZA consumption in Germany to the calculated demand
for PZA based on TB notification data in order to verify
the reliability of the CRC results. Additionally, we re-
quested aggregated datasets of TB patients from three
institutions in Germany (Supplementary Table 1) to
compare the TB notification data with reported hospital-
ized or treated, or insured TB patients. However, three
of five acquired aggregated datasets had to be excluded
from the study due to unreliable data quality. We are
not able to assess whether the registers contain false
positive data, and speculate that the patients might have
been recorded multiple times due to frequent doctor
visits during the disease and/or that primary suspicion
of TB might be erroneously reported as the final
diagnosis.

Aggregated data has limited use in estimating the dis-
ease underreporting level. However, when unique dis-
ease case reporting in any other register exceeds those in
the TB notification system for a certain population, this
indicates underreporting. Insurance data did not imply
an overall TB underreporting in Germany, neither in
any of the investigated states.

Germany has a population of over 80 million people
with a decentralized health system, and very strict data
protection laws. This presents challenges for the report-
ing of TB data, but also for the collection of data from
different sources in comparison to countries with
smaller population size. The inventory studies from vari-
ous countries published as of March 2019 involved na-
tional TB notification data ([6—8, 13, 14] and others),
laboratory data [13], prescription data [13, 18], social in-
surance data [8, 11] and hospital admission data [6, 7].
In Germany, data acquisition presented a marked chal-
lenge. The CRC for the years 2013—-2017 was only pos-
sible for two TB registers in Germany mostly due to
very strict data sharing policies. Since only one request
for anonymized, case-based data was met, we conducted
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CRC violating the method’s assumptions by missing
three-source interaction between sources. 3-source CRC
studies have been previously conducted in other Euro-
pean and non-European countries and are recom-
mended by WHO. It would be important that
appropriate secondary data can be made available for
similar public health studies in Germany in the future.

The presented study has certain limitations. First of
all, our CRC analysis results have to be interpreted care-
fully, taking into account that the analysis was per-
formed with only two data sources, and not meeting the
assumption of data sources independence, closed popu-
lation, and perfect RL. The patients from which isolates
were collected in ARS data had an increased chance to
be present in TB notification data due to legal obligation
of laboratories to notify TB patients to the local health
authorities. This can lead to underestimation of the TB
underreporting and was addressed by choosing CRC
model adjusted for lack of independence between data
sources. Even though use of inventory studies is ex-
pected to result in a more accurate estimation of TB
reporting completeness than use of other methods, it is
possible to miscalculate TB underreporting level using
CRC because of potential errors in TB notification data
— e.g. incorrect or duplicated reports. This can lead to
both under- and overestimation of the underreporting,
depending on the error type. Even though we conducted
data de-duplication, fully successful de-duplication can
only be assumed in circumstances where the notifica-
tions are complete and do not contain errors, which is
not the case for TB notification data. In this study, we
used three methods to estimate the underreporting of
the diagnosed TB patients in Germany (including pa-
tients diagnosed post-mortem). However, the study does
not address underdiagnosis of TB, which cannot be ex-
cluded and could imply that the real TB incidence in
Germany is higher than estimated in this study. How-
ever, the diagnostic capacity and the use of postmortem
diagnosis may reduce the risk of underdiagnosis. The
delay between disease onset and diagnosis, which cur-
rently cannot be estimated based on the notification data
due to incomplete reporting of this information, could
contribute to further uncertainty of the presented
estimation.

The results of the present TB inventory study for
Germany differ from the results of some previously con-
ducted international studies and can likely be attributed
to differences in the public health systems of other
countries. The TB underreporting rates ranged from
80% in the studies conducted in Greece and 69% in Cen-
tral Italy to 45% in Egypt, between 20 and 30% in
Croatia, Finland, Iraq and Yemen, and less than 20% in
China, United Kingdom, Romania, Portugal, and the
Netherlands. The lowest estimated TB underreporting
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to date, of below 4% and below 2%, were reported in
inventory studies conducted in Taiwan [11] and
Denmark [16], respectively. Despite the differences,
multiple study authors have reported similar problems
as those observed by us in Germany: dependences be-
tween case-based data sources, lack of universal pa-
tient identifiers across data sources and, in certain
cases, insufficient data quality [14, 36]. Countries
where the patients had unique personal identifiers
across databases or where the data used was not
anonymized presented the highest certainty of the re-
sults [8, 11, 16].

Inventory studies conducted in other countries show
that the TB underreporting estimated by the WHO dif-
fers from the underreporting estimated based on the in-
ventory studies of TB registers (e.g. in the most recent
study, published in 2020, TB underreporting in Denmark
in 2014-2016 was estimated at 1.3%, in contrast to the
WHO estimation of 5.2% for 2016 [8, 37]). The results
of the inventory study in Germany also remain in con-
trast with WHO estimations which indicate TB underre-
porting of between 11 and 17% in 2013-2017 [1, 37-40].
Potential reasons for this discrepancy include the used
methodology: while WHO’s standard adjustments give a
rough estimate of disease incidence, these are not based
on the actual and up-to-date data sources, as in the case
of our inventory study. A further source of discrepancy
could be the fact that inventory studies do not account
for undiagnosed TB patients. WHO defines >=90% of
TB reporting completeness in countries where TB is a
notifiable disease as one of the benchmarks for satisfying
TB surveillance system coverage, which according to our
study is fulfilled in Germany [41].

Conclusions

We conclude that more than 90% of estimated TB pa-
tients are captured within the German TB surveillance
system, and accordingly the TB notification rate is likely
a good proxy of the diagnosed TB incidence rate. An in-
crease in underreporting and discrepancies between data
sources however should be further investigated and in-
volve additional case-based data sources.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512879-020-05467-9.

Additional file 1: Supplementary Table 1: List of the institutions from
which case-based data on TB patients in Germany was requested. Sup-
plementary Method 1 CRC analysis was performed using R package
“Rcapture” [23]. Three closed population models (MO, Mt and Mb) assum-
ing no births, deaths, immigration and emigration affecting capture in
both data sources within study period were built for each of the report-
ing years from 2013 to 2017 using “closedp” function with default param-
eters. Model presenting minimal AIC was chosen to estimate the number
of TB patients in Germany. In the years where two models presented

Page 11 of 13

identically low AIC, model Mb was chosen because Mt and MO models
implied unrealistically high number of TB patients. Please see the ex-
ample below for the year 2013: Supplementary Table 2: TB patients
hospitalized in the years 2013-2017.
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