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SUMMARY

In 2001, two residents of a nursing home in Lower Saxony, Germany, were diagnosed with acute

hepatitis B virus (HBV) infection. A systematic contact investigation of 188 residents yielded

19 confirmed or probable cases of acute or recent HBV infection and three persistent

asymptomatic HBsAg carriers. Sequence analysis revealed that one carrier had high viraemia

(109 genomes/ml), HBV genotype A2, and the same S gene and/or X gene sequence as 16 acutely

infected persons. An unmatched case-control study was conducted with the 17 cases that had

sequence identity together with 26 controls. The strongest association was found for treatment

by a particular general practitioner (GP) (OR>11, P<0.001) and blood sampling for glucose

monitoring on a particular day by the GP’s staff (OR 13.6, P<0.001, adjusted OR 8.5,

P=0.017). Control measures were implemented. Serological controls after 6 and 18 months

revealed that the outbreak was brought under control.

INTRODUCTION

The elderly are usually not considered a primary risk

group for acquiring infection with hepatitis B virus

(HBV). Nonetheless, in addition to sexual contact

and drug injection, nosocomial transmission should

not be neglected as a risk factor, even in countries

with high hygiene standards. In Germany, the exact

incidence of nosocomial HBV transmissions is

unknown, but various measures have been im-

plemented in recent years to reduce nosocomial HBV

infections, e.g. improved hygiene, increased vaccine

coverage, increased awareness of medical staff, and

highly sensitive testing of blood products [1]. On the

other hand the number of invasive diagnostic and

therapeutic procedures is increasing [2]. These pro-

cedures are also finding increased use in nursing

homes, in which a growing proportion of the popu-

lation is cared for. In this context we report on a large

outbreak of HBV infections in a nursing home in

Lower Saxony, Germany.

In the nursing home, 160 residents were cared

for by about 100 employees. The nursing home was

divided into four care units (CUs) that had strictly

separate staff and care tools. Some of the CUs were

further divided into 2 or 3 wards. Medical care of

residents was provided by local general practitioners

(GPs). The residents had free choice of their GP, but

two thirds of the residents had the same GP, hence-

forth denoted as GP A.
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A resident of CU II was admitted to the hospital on

10 May 2001 because of poor physical health, and

on 22 May was serologically diagnosed with acute

hepatitis B. In the resident’s ward, contact investi-

gations among residents and staff were conducted. On

22 June a resident of the gerontopsychiatric CU III

became icteric and was admitted to the hospital.

Acute hepatitis B was diagnosed in this patient on 29

June and contact investigations were also conducted

in CU III. Contact investigations for both cases re-

vealed nine further acute infections among residents

but no acute or persistent HBV infection in staff

members. Thereupon, a decision was made to take

the following actions:

(1) Perform a serological investigation of the HBV

status of all residents of the nursing home.

(2) Perform an epidemiological analysis of risk

factors by means of resident’s care records in

order to identify the route of transmission.

(3) Vaccinate susceptible residents.

(4) Vaccinate the entire staff.

METHODS

Serological assays

Diagnosis of HBV infection was performed stepwise

beginning with hepatitis B surface antigen (HBsAg)

and antibodies to hepatitis B core antigen (anti-HBc).

According to the results further assays of anti-

HBc-IgM, anti-HBs, HBeAg and anti-HBe were per-

formed according to the scheme shown in Table 1,

rows 1–9. Serological markers of HBV were detected

by microparticle enzyme immunoassay (MEIA) using

commercially available kits (Abbott, Wiesbaden,

Germany). Tests were carried out by an automated

analyser (AxSYM, Abott).

Analysis of HBV DNA

HBV DNA was detected by quantitative real-time

PCR in a LightCycler (Roche, Mannheim, Germany)

using specific primers and probes covering the X

gene of the HBV genome from base 1413 to 1601 [3].

Results were expressed as genome molecules (ge)/ml

and calibrated using the International Standard

preparation for HBV DNA of the WHO [4]. One

international unit of this standard corresponds to

5.4 ge according to absolute calibrations [5]. Further-

more a 336 base segment of the S gene region

from base 422 to 758 was amplified using real-time

PCR [6]. Reagent preparation, extraction of HBV

DNA, amplification and analysis of the amplified

product were all performed in different rooms to

prevent cross contamination. The run control for

the PCR had genotype D, the sequence of which

differed from the sequences obtained in this study.

DNA products of the PCRs were gel-purified and

submitted to direct sequencing in both directions

(MWG, Ebersberg, Germany). Sequences were

aligned and compared using the program Lasergene

6 (DNA Star, Madison, WI, USA), subprograms

Editseq for data handling and MegAlign and mega3

(www.megasoftware.net/mega3) for generation of the

phylogenetic tree. Confirmation of sequence identity

or non-identity was accepted only if both sequence

directions yielded the same result. The sequences were

compared with various genotypes of HBV using

GenBank data.

Case-control study

A case-control study was conducted to identify

associations between potential risk factors and HBV

infection. Serological results provided different

strengths of evidence of as to whether an HBV infec-

tion had recently occurred and whether infections

in different persons were caused by the same virus

strain. Therefore, two case definitions were used, one

with confirmed strain identity and the second without

confirmed strain identity.

Confirmed cases. Residents positive for HBsAg

and with a DNA sequence indistinguishable from the

implicated HBV strain.

Probable cases. Residents negative for HBsAg, but

positive for anti-HBc-IgM as a marker of recent infec-

tion, and without HBV DNA sequence data.

Non-infected residents serving as controls. Residents

without any sign of acute or past HBV infection,

which were neither confirmed nor probable cases

and were susceptible for HBV infection.

Only those residents were included in the case-

control study who lived in affected CUs II and III.

Residents who were admitted to these CUs later

than 31 May 2001 were excluded. The rationale for

choosing this date was that the last admission of a

confirmed case was on 29 May 2001. The residents

were categorized into cases and controls according

to the diagnosis of the serological tests that were
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Table 1. Patterns of HBV parameters in 188 residents of a nursing home where an outbreak of acute hepatitis B occurred. If more than one sample was

analysed for a resident, the most meaningful result is considered. Only pattern no. 10 is based on two samples indicating seroconversion. More ambiguous

patterns due to borderline test results are presented in the bottom of the table. Pattern nos. 1–9 also reflect the procedure of stepwise HBV diagnosis

Serological pattern

No. of
residents

No. with proven
identity with

major strain
(confirmed cases) HBV infection status

Pattern
no.

Anti-
HBc HBs-Ag

HBe-
Ag

Anti-
HBe

Anti-

HBc-
IgM

Anti-
HBs

1 x x n.d. n.d. n.d. n.d. 128 No evidence of HBV infection

2 + x n.d. n.d. x x 6 Evidence of past HBV infection
3 + x n.d. n.d. x + 27 Verification of past HBV infection
4 + x n.d. n.d. + n.d. 2 Recovery from recent acute hepatitis B
5 + + x + x n.d. 2 0 Presumed chronic carrier, low infectivity

6 + + + x + n.d. 13 13 Acute HBV infection
7 + + x + + n.d. 1 1 Acute HBV infection
8 x + + x x n.d. 1 n.s. Incubating

9 x + x x x x 1 n.s. Acute HBV infection not excluded
10 xp+ +px + x x n.d. 1 1 Acute HBV infection, seroconversion
11 + + + x b n.d. 2 2 Acute infection or chronic carrier

12 + x n.d. n.d. b n.d. 2 Recovery from recent acute hepatitis B
13 b x n.d. n.d. x + 1 Evidence of past HBV infection
14 b x n.d. n.d. x x 1 Past HBV infection not excluded

Total 188 17

b, Borderline test result ; n.d., test not done ; n.s., sequence analysis not successful.
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conducted for all residents in the course of contact

investigations beginning on 1 July 2001. All potential

control persons were included, no matching was

applied.

Data collection

A standardized questionnaire was used to obtain

information on risk factors during the period from

January to June 2001. The data were predominantly

collected from the care records at the nursing home

and included information on age, sex, residence

in nursing home (admission date, care unit, room-

mates), consultations of physicians and hospital

admissions, health status (e.g. mobility, care level,

diabetes mellitus), invasive and medical procedures

(e.g. endoscopies, capillary blood sampling, insulin

injection), care procedures, and accidents or injuries.

In addition, the questionnaires were partly completed

by the responsible GPs, who provided information

on HBV vaccination status and potential clinical

symptoms of HBV infection. Information on pedicure

and haircut were obtained from the corresponding

receipts.

Statistical analysis

Associations between risk factors and HBV status

were determined by logistic regression analysis using

STATA software (StataCorp, College Station, TX,

USA). Multivariate analysis was performed to

account for confounding. The analysis was performed

for confirmed as well as jointly for confirmed and

probable cases. The results were presented by means

of odds ratios (OR) accompanied by two-sided 95%

confidence intervals (CI) and P values for a two-sided

Wald test.

RESULTS

Virological results

Between July 2001 and February 2002, 188 residents

were tested for serological markers of HBV infection.

The results of the successive diagnostic tests are

summarized in Table 1. A relatively large proportion

of the residents (33/188, 17.5%) had markers in-

dicating a previous HBV infection. Anti-HBc and

anti-HBs as signs of naturally acquired immunity

were present in 27 residents, six had only anti-HBc.

For those 23 individuals who tested positive for

HBsAg or anti-HBc-IgM detailed results are given

in the line-listing (Table 2). In most cases the tests

allowed for a clear diagnosis (Table 1, pattern nos.

1–10), but in some cases borderline results led to

equivocal conclusions (Table 1, pattern nos. 11–14).

From 21 residents at least one serum sample was

obtained that contained HBsAg. These samples

were analysed further by DNA sequencing (Table 1,

pattern nos. 5–11). In 19 cases sequencing revealed

clear results either for both analysed gene regions or

for at least one region.

In 17 cases HBV genotype A2 was found according

to the genosubtyping scheme of Norder et al. [7]

with identical DNA sequences, and thus they were

classified as confirmed cases belonging most probably

to one chain of infection (Table 1, pattern nos. 6, 7,

10 and 11; Table 2 case nos. 1–17). Among these was

a woman who was asymptomatic, HBsAg, HBeAg

and anti-HBc total antibody-seropositive, of border-

line anti-HBc-IgM seropositivity, and highly viraemic

(109 ge/ml; Table 2, case no. 3). It was considered that

this person who might have been chronically infected,

possibly before the outbreak, could have been the

source of the outbreak.

Fourteen residents with the same HBV DNA

sequence were anti-HBc-IgM positive. In case no. 14

(see also Table 1, pattern no. 10) only seroconversion

of anti-HBc could be documented. In case no. 15

anti-HBc-IgM was only borderline positive as in

case no. 3 (Table 1, pattern no. 11), but this patient

has had clinical symptoms of acute hepatitis. Two

further residents tested negative for HBsAg, but

positive for anti-HBc-IgM (Table 2, case nos. 18 and

19; Table 1, pattern no. 4) and were classified as

probable cases.

One resident had HBsAg, no anti-HBc and a small

amount of HBV DNA whereby sequence analysis

was not reliable (Table 2, pattern no. 22). The missing

anti-HBc suggested that this was also a recent infec-

tion, but occurred in a different CU than the other

cases. Thus, the source of her infection was initially

considered as questionable. Also another resident

(no. 23) did not fulfil the case definition, because she

was not admitted to the nursing home until 4 August

2001 and also was not cared for in one of the affected

CUs. Shortly after admission, however, this resident

was diagnosed with an acute HBV infection. Because

of the poor condition of several blood samples a

sequence analysis was not possible. It cannot be

excluded that this infection was acquired in the

nursing home, but due to the distance in time and
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Table 2. Personal data, serological results and clinical features of 23 nursing home residents with markers of HBV infection (line-listing)

Case

no.

Age

(yr) Sex

Care

unit

Date of

specimen

collection

Anti-

HBc

Anti-

HBc-

IgM HBsAg HBeAg

Anti-

HBe

HBV

DNA

ge/ml

Onset of

symptoms Notable clinical symptoms/laboratory features

Confirmed cases

1 88 F II 24 July 2001 + + + + x 9.5r108 10 May 2001 Poor general condition, icterus, hospital admission,

index case in care unit II

2 80 F III 24 July 2001 + + + x + 1.3r103 21 June 2001 Icterus, hospital admission, index case in care unit III

20 Oct. 2001 + x
3 71 F II 12 July 2001 + b + + x 1.0r109 No symptoms, high viraemia

4 71 M II 12 July 2001 + + + + x 1.2r109 No symptoms

16 Apr. 2003 x + + x
5 95 F II 12 July 2001 + + + + x 4.0r104 No symptoms

6 68 M III 12 July 2001 x + + x 1.4r106 12 July 2001 Fatigue

8 Aug. 2001 + + + + x
7 97 M II 13 July 2001 + + + + x 5.0r108 No symptoms

8 89 M III 24 July 2001 + + + + x 1.6r107 8 May 2001 Fatigue, elevated transaminases

5 June 2002 + + x
16 Apr. 2003 x

9 77 F III 24 July 2001 b + + + x 1.2r109 No symptoms

18 Oct. 2001 + + + + x
10 98 F II 24 July 2001 + + + + x 1.0r108 No symptoms

11 82 F III 24 July 2001 x x + + x 2.0r105 No symptoms

17 Aug. 2001 + + + + x
12 88 F III 26 July 2001 + + + + x 5.0r107 Poor general condition

13 87 F III 26 July 2001 + + + + x 1.6r108 No symptoms

14 88 F III 26 July 2001 x x + + x 2.8r106 3 Apr. 2001 Fatigue

16 Aug. 2001 + + +
20 Oct. 2001 + x

15 87 F III 3 Aug. 2001 + b + + x 9.5r108 12 Apr. 2001 Fatigue, mild icterus, hospital admission

16 76 F I 12 Oct. 2001 + + + + x 3.5r109 No symptoms

23 Apr. 2003 + x x x +
17 77 F III 24 July 2001 x x 8.0r106 No symptoms

7 Dec. 2001 + + + + x

Probable cases

18 78 F II 12 July 2001 + + x No symptoms

19 77 F III 26 July 2001 + + x No symptoms

Further residents with noteworthy serological results

20 74 M III 24 July 2001 + x + x + 4.3r102 No symptoms, HBsAg carrier, low viraemia,

genotype A2

21 80 M IV 3 Aug. 2001 + x + x + 1.3r103 No symptoms, HBsAg carrier, low viraemia,

genotype D

22 76 F IV 3 Aug. 2001 x x + x x 4.0r103 No symptoms

23 92 F I 16 Aug. 2001 x x + + x 6.2r102 No symptoms

F, Female ; M, male ; b, borderline result ; ge, genome equivalents.
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place from the other infections and the incomplete

diagnostic information she was not considered a

confirmed or probable case.

Two residents tested positive for HBsAg, but were

not classified as confirmed cases (Table 2, case nos. 20

and 21; Table 1, pattern no. 5). In one of these cases

the HBV genotype was A2 as in the confirmed cases,

but the S gene contained one base exchange at

position 533 leading to an S protein mutation from

methionine 134 to isoleucine. Furthermore, this

case (no. 20) had no symptoms of hepatitis, no anti-

HBc-IgM, and was anti-HBc and anti-HBe positive

with a relatively low viraemia of 430 ge/ml. Thus,

it was concluded that this was a chronic carrier with

low infectivity who was already infected before the

outbreak and not related to the other cases with

genotype A2. A further HBsAg-positive resident

(no. 21) also had serological markers which are

typical for a chronic HBsAg carrier, but he had

genotype D and 1300 ge/ml.

The phylogenetic tree of the sequenced HBV DNA

isolates from the 17 residents is shown in the Figure.

The confirmed cases had an identical S gene sequence

and they all had the sequence of the HBV genotype A2

strain predominating in Germany (EMBL accession

no. AJ012207 AK). Other genotype A2 isolates

obtained from the GenBank differed in that region

by only one or two bases. In contrast, the other

HBV genotypes show much larger sequence vari-

ations (Fig.). Systematic studies of the genotype

prevalence and incidence in Germany have not been

made. However, the Institute of Medical Virology in

Giessen (WHG) has determined the HBV genotype

in 80 mostly unrelated HBV cases in Germany in

recent years : 28 were of genotype A2 and the same

sequence as the 17 patients of this study, 2 were

A1 (the African/Asian subgroup of A), 41 genotype

D, 1 genotype B, 5 genotype C, 1 genotype E and 1

genotype G. It should be noted that most non-A2

genotypes came from patients of non-German ethnic

background.

Epidemiology

As can be seen from the line-listing of the 19

confirmed or probable cases, 11 were residents of

CU III and seven were from CU II (Table 2, case

nos. 1–19). One confirmed case lived in CU I, but

had moved from CU III on 25 May 2001 (no. 16).

Thus, the epidemiological investigations were focused

on CUs II and III with 67 residents, on which the

epidemiological data were collected. Nine of these

residents were excluded from the analysis since they

were admitted to the nursing home later than 31 May

2001. Another 13 residents were excluded, since they

were seropositive for anti-HBc total antibody and

seronegative for anti-HBc-IgM, indicating that they

were not susceptible to HBV infection, nor were

they acutely infected. Thus, 45 residents remained

available for epidemiological analysis in this study,

17 of which were classified as confirmed cases, two

as probable cases, and 26 as controls.

In Tables 3–5 results of the case-control study

for confirmed cases are presented. Some risk factors

were reported so rarely, that they could not have

served as a major transmission route and thus are

not presented here. The most significant risk factor

was medical care received from GP A (Table 3).

All confirmed cases but less than 60% of control

subjects had received medical care from this GP.

GP A regularly sampled blood from most of his

No. 20
A AJ012207 AK
No. 16
No. 14
No. 12
No. 10
No. 8
No. 6
No. 4
No. 2
No. 1
No. 3
No. 5
No. 7
No. 9
No. 11
No. 13
No. 15

HBV991
B-D00326

C-D00630
D-Aywariko

E-X75657

0·01

F-Adw 4

Fig. Phylogenetic tree of the S gene nucleotide sequences

obtained from 17 residents with HBV genotype A2 infec-
tion. Patient no. 20 showed one exchange and was probably
a chronic asymptomatic carrier. HBV991 is a genotype A2
strain which was cloned in 1980 in Germany with two

base exchanges. Genotype A AJ012207AK is the strain
from which the WHO International Standard has been
derived. The sequences with other genotypes were taken

from the gene bank.
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patients for glucose monitoring. The blood was

taken by the GP’s staff in the residents’ rooms. A

significant association of infection was found with

blood sampling on three days: 11 January, 19 April

and 28 May, most significant on the latter two days.

The risk associated with blood sampling only applied

to residents who received medical care from GP A,

which also was a significant risk factor by itself.

In order to test whether the significance of blood

sampling was not merely a result of receiving care

from this GP, further analyses were conducted.

Table 4 shows results of the analysis of blood

sampling restricted to the subgroup of GP A’s

patients. Within this subgroup significance vanishes

for 11 January. But blood sampling on 19 April and

28 May remained significant risk factors. Thus the

association of infection with blood sampling on these

two days cannot be explained by confounding due

to GP A. Table 5 presents results of the multivariate

analysis with the four significant or borderline sig-

nificant risk factors : high care level (o2), diabetes,

blood sampling on 19 April, and blood sampling

on 28 May. In this analysis only blood sampling on

28 May remained significant.

Table 3. Results of case-control study, confirmed HBV cases vs. HBV-negative controls

Total
Cases Controls

Crude OR (95% CI) P valuen n (%) n (%)

Sex
Male 11 4 (23.5) 7 (26.9) 0.83 (0.20–3.44) 0.80
Female 32 13 (76.5) 19 (73.1)

Age (yr)

o80 25 11 (64.7) 14 (53.8) 1.57 (0.45–5.53) 0.48
<80 18 6 (35.3) 12 (46.2)

Care level
High (o2) 23 12 (70.6) 11 (42.3) 3.27 (0.89–12.03) 0.074
Low (<2) 20 5 (29.4) 15 (57.7)

Diabetes
Yes 5 4 (23.5) 1 (3.8) 7.69 (0.78–76.07) 0.081
No 38 13 (76.5) 25 (96.2)

Regular haircuts in the home’s hairdresser’s shop
Yes 25 12 (70.6) 13 (50.0) 2.4 (0.66–8.77) 0.19

No 18 5 (29.7) 13 (50.0)

Regularly receiving pedicure
Yes 33 15 (88.2) 18 (69.2) 3.33 (0.61–18.14) 0.16
No 10 2 (11.8) 8 (30.8)

Hospital admission during the preceding 6 months

Yes 7 4 (23.5) 3 (11.5) 2.36 (0.46–12.21) 0.31
No 36 13 (76.5) 23 (88.5)

Being patient of GP A
Yes 32 17 (100.0) 15 (57.7) >11 0.001

No 11 0 (0.0) 11 (42.3)

Having blood sampled on 11 Jan. by GP A’s staff
Yes 14 9 (52.9) 5 (19.2) 4.73 (1.21–18.47) 0.026
No 29 8 (47.1) 21 (80.8)

Having blood sampled on 19 April by GP A’s staff

Yes 17 12 (70.6) 5 (19.2) 10.08 (2.42–42.04) 0.002
No 26 5 (29.4) 21 (80.8)

Having blood sampled on 28 May by GP A’s staff
Yes 18 13 (76.5) 5 (19.2) 13.65 (3.09–60.30) 0.001

No 25 4 (23.5) 21 (80.8)

OR, Odds ratio ; CI, confidence interval.
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When analogous analysis was performed including

the two probable cases (case definition 2), with the

same set of controls, the association of infection

with GP A and blood sampling on 28 May was

even more significant. Remarkably, the questionable

case (no. 22) had blood taken on 28 May by the staff

of GP A. Thus, in retrospect there is similar evidence

as for the probable cases, that this case is related to

the outbreak.

However, the outbreak cannot totally be explained

by capillary-blood sampling on one single day. While

blood sampling on 28 May showed the strongest

association with the outbreak, the index patient no. 1

must have been infected before her hospital admission

on 10 May. Another confirmed case was not admitted

to the nursing home until 29 May and for this case

no capillary blood sampling was documented (no. 17).

A further confirmed case also did not take part in

any of the three blood samplings mentioned above

(no. 9). Case no. 23 with an acute infection was not

a patient of GP A. Although a staff member of GP A

took blood samples from that person in the course

of contact investigations on 14 August, this blood

sampling cannot have caused transmission, because

this serum was already positive for HBsAg and

HBeAg. Sequence analysis failed because several

blood samples were haemolytic.

Transmission by capillary blood sampling

The procedure of capillary blood sampling was

reported by GP A’s assistant as follows: Regular

blood samples were taken from residents suffering

from diabetes, and for prophylactic reasons also

from residents not suffering from diabetes. Blood

samples were collected mainly in the residents’ rooms.

The assistant reported that she usually visited the

CUs in the order IV/II/I/III, but not all on the same

day. However, according to reports of the nursing

home’s staff the order IV/III/II/I seemed to have

occurred. In this case the affected CUs would have

been visited successively.

Table 4. Results of case-control study, confirmed HBV cases vs. HBV-negative controls in the subgroup of

residents who are patients of GP A

Total

Cases Controls

Crude
OR (95% CI) P valuen n (%) n (%)

Having blood sampled on 11 Jan. by GP A’s staff
Yes 14 9 (52.9) 5 (33.3) 2.25 (0.54–9.45) 0.27

No 18 8 (47.1) 10 (66.7)

Having blood sampled on 19 Apr. by GP A’s staff
Yes 17 12 (70.6) 5 (33.3) 4.80 (1.07–21.45) 0.040
No 15 5 (29.4) 10 (66.7)

Having blood sampled on 28 May by GP A’s staff

Yes 18 13 (76.5) 5 (33.3) 6.50 (0.38–30.68) 0.018
No 14 4 (23.5) 10 (66.7)

OR, Odds ratio ; CI, confidence interval.

Table 5. Results of case-control study, confirmed HBV cases vs. HBV-negative controls, adjusted ORs

calculated by multiple logistic regression analysis

Adjusted
OR 95% CI P value

High care level (o2) 1.60 0.28–9.21 0.60
Diabetes 7.81 0.41–148.30 0.17
Having blood sampled on 19 Apr. by GP A’s staff 2.70 0.43–17.10 0.29

Having blood sampled on 28 May by GP A’s staff 8.52 1.46–49.71 0.017

OR, Odds ratio ; CI, confidence interval.
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Blood sampling was done by puncture at the

fingertip or at the ear lobe. First a cotton swab was

moistened with 70% isopropyl alcohol from an

alcohol dispenser by pressing the swab on the

bowl-shaped outlet device. The swab was used to

disinfect the skin. For puncture single packed

lancets were used. After puncture, the lancet was

dropped into a disposal container. A drop of blood

was collected by a glass capillary tube and then

dropped into a specimen container. The capillary

tubes were taken from a storage container and after

use dropped into a separate disposal container.

Finally the puncture site was covered with an adhesive

tape.

The following items were carried on one tray:

storage container with lancets, storage container with

capillary tubes, disposal container for lancets, dis-

posal container for capillary tubes, basket for swabs,

basket for adhesive tapes, alcohol dispenser, box

for gloves, box for specimen containers. GP A’s

staff members reported that gloves were used while

collecting blood samples. The gloves were, however,

not changed for each patient. The alcohol dispenser

was disinfected once a week.

Control measures

The following measures were established: The indi-

cation for regular glucose monitoring was defined

much more stringently. Consequently, substantially

fewer residents had to be monitored. These patients

were sampled by GP A himself. In the case of punc-

tures, the skin was not disinfected. Gloves were used

for activities where contact with blood was possible

and were changed after each patient.

Serological tests that were conducted between

November 2001 and April 2002 and between January

and March 2003 in 39 initially seronegative residents

of CUs II and III did not reveal any further sero-

conversions.

DISCUSSION

Prevalence and incidence of HBV infections in

Germany

Anti-HBc as the most universal marker of previous

or ongoing HBV infection is present in 8.7% of the

German population. The prevalence increases with

age to 15% in the >65 years old group. The majority

of all anti-HBc-positive persons are also anti-HBs

positive (6.7%) as a marker of immunity, but

0.6% have HBsAg as a marker of active infection

[8]. The 17.5% prevalence of previous HBV infec-

tions in the nursing home was comparable to the

general prevalence in elderly people. The pro-

portion of three HBsAg carriers (1.6%) is not sig-

nificantly higher than in the general population, but

the incidence of 19 acute HBV infections within a

few months exceeds by far the low incidence in

Germany of six notified cases in 100 000 persons

per year.

Source of infection

The serological investigation revealed 20 confirmed

or presumed cases of acute or recent infection and

three presumed HBsAg carriers. In one of the acute

cases (no. 23) the connection to the outbreak is

unclear. In the other 19 cases a common source or a

chain of transmission events has to be assumed. In

16 cases, the sequence of the S and/or the X gene

was identical with that of one HBsAg carrier among

the residents. This carrier had HBeAg and a high

viraemia as one of the preconditions for high infec-

tivity. The other two carriers had anti-HBe, low

viraemia and, furthermore, different sequences. The

absence of anti-HBc-IgM and of clinical or bio-

chemical signs of liver damage makes it very unlikely

that these two persons were recently infected. Low

viraemia is consistent with the assumption that

these two carriers were not the source of the outbreak.

The one base exchange in the carrier with genotype

A2 (patient no. 20) is probably significant, because

the amplification protocol used in this study gen-

erates very little variability and all A2 sequences

from Germany obtained recently in our laboratory

were identical except for that one carrier. However,

sequence identity is not a proof of a common source

in this outbreak, because the involved HBV strain

is very common in Germany. In fact an isolate with

exactly the same sequence served as starting material

for the Eurohep Reference sample [5] and for the

WHO International Standard [4]. An identical

sequence was found in a recent study from The

Netherlands [9] and in an HBV transmission event

by a blood transfusion in Germany [10]. The high

degree of identity among genotype A2 isolates in

Germany has previously been reported [11]. Thus, the

sequence identity in the majority of the cases proved

only that a common source was possible. However,

the occurrence of the symptomatic infections and
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the presence of anti-HBc-IgM in 16 cases provided

evidence for the time course of transmission. Three

of the confirmed cases were still in the incubation

period when first diagnosed. Anti-HBc-IgM turned

out to be a very useful marker for recent HBV infec-

tion, although some acute cases were either negative

(nos. 22 and 23) or borderline (no. 15), whereas

the probable source of infection was also borderline

positive although an asymptomatic carrier. It is

known that during the very early or late phases of

acute infection anti-HBc-IgM may be low or even

negative whereas some carriers may be weakly

positive [12].

Potential modes of transmission

Initially, pedicure was suspected as a risk factor,

but it did not show a significant association with the

outbreak. In addition, pedicure would not plausibly

explain the infections in two CUs which were served

by two different pedicurists. However, in the course

of the outbreak investigation control procedures

for strict compliance of pedicurists with hygienic

recommendations were established. Haircutting in

the in-house hairdresser’s shop also did not show

significant association with the infections. In addition,

hairdressing would not explain why only certain CUs

were affected, since residents from all CUs attended

the shop. Care procedures could also be excluded as

the transmission route since only very few residents

had corresponding risk factors such as open wounds

or invasive procedures.

In the literature, outbreaks of HBV were mainly

reported in two contexts: outbreaks among inject-

ing drug users due to needle sharing, mainly

investigated in prison environments [13–15], and

nosocomial outbreaks. Nosocomial outbreaks can

be subdivided according to the transmission route

from medical staff to patient, or from patient to

patient [16]. The former is presumed to play a minor

role [17]. The latter can occur by unsafe injections

[18] or by infusion of blood components which

were contaminated during processing, e.g. through

dialysis [19] or through so-called autohaemotherapy

[1]. A major role is played by puncture with con-

taminated needles or other devices, e.g. during acu-

puncture [20, 21], by electrodes [22], or by so-called

jet injection [23]. Transmission in connection with

glucose monitoring, which has already been

reported several times, also falls in this category

[24–29].

Risk factor capillary blood sampling

In this outbreak, only patients of GP A had acquired

infection in the sense of the case definitions.

Capillary-blood collection by GP A’s staff was

the risk factor with the strongest association for

infection. In addition, this transmission mechanism

explains why two CUs with completely separate staff

and care tools were affected. Among the patients of

GP A, those who provided capillary-blood samples

on 19 April and 28 May were affected significantly

more often. The carrier, who was the suspected source

of transmission, was also sampled on these two days.

Although in this outbreak some cases could not be

explained by improper capillary-blood sampling,

statistical significance as well as reports from the

literature strongly suggest that this type of blood

sampling was the major transmission route.

From the report of the sampling procedure by

GP A’s staff it was concluded that a risk could have

resulted from the application of the alcohol dispenser.

Since it was located next to the specimen containers,

it may have been contaminated by drops of blood.

This could have led to contamination of the swabs

and thus the skin of the patients with virus-containing

blood, which entered the body by puncture. Not

changing gloves between patients was a further

potential source of infection, particularly if lancets

were contaminated by unclean gloves during un-

packing. On the basis of the subsequent serological

tests and the fact that no further persons developed

clinical symptoms we concluded that after establish-

ing the control measures no further infections had

occurred and thus the outbreak was brought under

control.

As in previous studies, our investigation revealed

that HBV outbreaks in nursing homes are favoured

by two conditions [28–30]. First, HBV infections

in elderly persons often proceed without clinical

symptoms [29]. Therefore, the outbreak and thus the

potential of the HBV-infected residents for virus

transmission may remain unapparent for a prolonged

period. Second, the nursing home setting is con-

venient for conducting mass glucose monitoring,

although it bears a high risk of patient-to-patient

transmission if necessary precautions are not strictly

followed [29]. Our recommendations are that glu-

cose monitoring in nursing homes should be reduced

to only essential cases. In particular, mass glucose

monitoring in which supplies are carried from

resident to resident should be avoided [29]. Of course,
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when taking blood samples, the standard precautions

and recommendations must be strictly followed [29].

This requires the reinforcement of these procedures

in training programmes for health-care workers

and the incorporation of these procedures into

institutional policies [30].
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