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Abstract

To evaluate protection against vaccine-preventable diseases in medical students, we obtained data on immunization status and history
diphtheria, tetanus, pertussis, poliomyelitis, measles, mumps, rubella, varicella and hepatitis B from students with elective periods in oul
institution. Further, serum antibodies against measles, mumps, rubella and varicella-zoster virus (VZV) and hepatitis B surface (HBs) antige!
were determined on a voluntary basis. For students with incomplete immunization status or lack of protective antibodies, vaccination was
offered for free. Success of catch-up immunizations was serologically confirmed 4 weeks later. From May 1999 to April 2003, 170 students
were enrolled; their mean age was 26 years with a median of 25 years (range 22-48 years). Immunization records were complete in 14
(87%), incomplete in 11 (6.5%) and missing in 11 (6.5%) students. Only 26% of the cohort had a complete and up-to-date immunization
status. Seroprevalence of IgG antibodies against measles, mumps, rubella, VZV andlloBd/) in 149 students were 85, 85, 92, 97 and
90%, respectively. Indications ferl catch-up immunization were found in 125 (74%) students and were accepted by 97 of them (78%).
Sixty two (99%) of 63 immunized students available for follow-up demonstrated an adequate serological response. In conclusion, the grea
majority of medical students had immunization gaps. Systematic immunization programmes for medical students should be implemented.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction perience has been gathered and also serological analyses have
been performed. Here we report the findings of this pro-

Inhospital environments, transmittable infectious diseasesgramme, which has now been running successfully for four
put patients and health care workers at increased[tikk consecutive years.
Therefore, most medical institutions do have immunization
programmes for their staff in place. Medical students, who
usually spend short periods of time in a particular institution,
are alsoanimportanttarget group in thisrespective. Yet, thisis
frequently ovgrlooked and only afgw med_lcal_schools appear.,, ;- Study population
to have consistent and adequate immunization programmes
for their student$2—6].

We have previously reported significant immunization
gaps in medical students attending our hospital and provided
suggestions for improvemeftt]. In the meantime, more ex-

2. Methods

Fourth year medical students with a rotation in the Univer-
sity Children’s Hospital in Basel, Switzerland, were eligible
for participation after informed consent. The following data
were obtained during a standardized interview: age; gender;
nationality; personal history of varicella, measles, mumps,

* Corresponding author. Tel.: +41 61 685 6528; fax: +41 61 685 6012.  rubella, and pertussis. Any written documentation of previ-
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2.2. Serological assays Immunity to hepatitis B was assumed in the presence
of anti-HBs IgG antibodies of 10 IU/l serum, either doc-

An initial venous blood specimen (3ml) was obtained umented previously or as part of this study. In all other cases
on a voluntary basis for specific serum antibody analyses. a primary immunization series (in previously unimmunized
IgG antibodies against VZV were determined by ELISA individuals)orabooster dose was recommended and a further
(enzyme-linked immunosorbent assay, EnzyghoBADE blood test were performed 4 weeks later. All recommended
Behring Ltd.) as were anti-measles and anti-mumps IgG immunizations were offered free of charge.
antibodies (Humdh, Wiesbaden, Germany). Anti-rubella
IgG antibodies were determined by an enzyme immunoas-2.4. Statistical analysis
say (PLATELIA® Rubella IgG, BIO-RAD, France). Anti-
measles, anti-mumps and anti-rubella IgM antibodies were  Statistical analysis was performed using Epi-Info 2002
analyzed by solid-phase ELISA (HunfirWiesbaden, Ger-  (version 1.1.2. Centers for Disease Control and Prevention,
many, and PLATELI®R Rubella IgM, BIO-RAD, France, Atlanta, USA). Independent proportions were compared by
respectively). Fisher’s exact test or Mantel-Haenszel chi square analysis as

IgG antibodies against hepatitis B surface (HBs) antigen appropriatep values<0.05 were considered significant.
were measured by ELISA (MONOLISAANTI-HBS 3.0,

BIO-RAD, France).

In students with no documentation of hepatitis B vacci- 3. Results
nation but positive anti-HBs antibodies, the respective serum
specimens were tested for hepatitis B core (HBc) antibodies3.1. Study population
to distinguish between undocumented immunization and in-
fection. Serotesting for anti-HBc 1gG was performed with an From May 1999 to April 2003, 170 students were en-
ELISA (MONOLISA® ANTI-HBC 3.0, BIO-RAD, France). rolled. Their mean age was 26 years (median: 25.3 years;

All tests were performed and interpreted according to range: 22—-48) and 61% were females. One hundred thirty
the manufacturers’ instructions. Values in the indeterminate eight (81%) had grown up in Switzerland, 26 (15%) in Ger-
range were repeated and considered to be negative if stillmany, 5 (3%) in Italy and 1 (1%) in Sweden.
indeterminate.

3.2. Immunization status and seroprevalence
2.3. Procedures One hundred fourty-eight (87%) of 170 students provided
complete documentation of all immunizations since child-
hood. Eleven (6.5%) students had no immunization records
at all and the remaining 11 (6.5%) students only had records
of specific recent immunizations, e.g. hepatitis B. In 149 stu-
dents (88%) a voluntary serum sample was obtained.

A primary immunization series against diphtheria, tetanus
fand poliomyelitis was documented in 85-86% of students,
whereas only 72, 79 and 59% of immunizations, respectively,
were up-to-date. There were no significant differences by

2.3.1. Interpretation of immunization status and
consequent procedures
Immunity against diphtheria (D), tetanus (T) and po-
liomyelitis (P) was considered adequate if a primary immu-
nization series*3) had been documented and the last dose
had been administered10 years ago. If less than 3 doses
of either vaccine had been documented, missing dose(s) o
immunization were recommended. A booster dose was sug-
gested if>3 immunizations had been documented and the
- . gender (data not shown).
last dose had been administeretiO years ago. With respect o -
o N In Table 1, vaccination rates and seroprevalence of specific
to pertussis, immunization status was recorded but no booster, - :
. . IgG serum antibodies against measles, mumps and rubella
doses were recommended in accordance with current recom-
! : : are shown. As can be seen, 70, 64 and 61% of students had
mendations in Switzerland. X X
previously received one or two doses of measles, mumps
and rubella vaccine, respectively. The rates for second doses
2.3.2. Interpretation of serological results and ranged between 10 and 24%. Immunization rate for rubella
consequent procedures was higher in female students (72%) compared to males
Immunity to measles, mumps, rubella and varicella was (49%;p=0.01). With respect to measles and mumps, no sig-
assumed based on the presence of specific IgG serum antinificant differences by gender were found.
bodies. If specific IgG antibodies against one or more ofthose  Seroprevalence rates for IgG antibodies against measles,
viruses were lacking, a dose of MMR and/or varicella vac- mumps and rubella were 85, 85 and 92%, respectively. Of
cine was offered irrespective of immunization and/or disease students with a negative immunization status for measles,
histories. To verify success of immunization, a further blood 96% had positive IgG antibodies compared to 8p% (.07)
test was performed 4 weeks later and both IgG and IgM anti- in those with one or two previous immunizations. In con-
bodies (as a surrogate for a primary immune response) weregrast, unimmunized students had lower rates of mumps (74%)
measured. and rubella (75%) 1gG antibodies compared to those with
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Anti-HBs values <10 IU/l were found in 15 (9%) individu-

Seroprevalence and vaccination history for measles, mumps and rubella ing|s- four with no previous doses, two with one dose, one with

149 medical students

Vaccination history 1gG antibody positive

No. (%) No. (% of category)
Measles
Unknown 19 (13) 17 (89)
0 doses 26 (17) 25 (96)
1 dose 68 (46) 55 (81)
2 doses 36 (24) 29 (81)
Total 149 (100) 126 (85)
Mumps
Unknown 19 (13) 16 (84)
0 doses 35 (23) 26 (74)
1 dose 73 (49) 66 (90)
2 doses 22 (15) 19 (86)
Total 149 (100) 127 (85)
Rubella
Unknown 18 (12) 17 (94)
0 doses 40 (27) 30 (75)
1 dose 76 (51) 75 (99)
2 doses 15 (10) 15 (100)
Total 149 (100) 137 (92)

one or two doses (89 and 99%, respectively; hot0.03,
p<0.0001).

two doses, seven with3 doses and 1 with no documentation

of any immunization. However, in five of them anti-HBs anti-
bodies had previously been measured elsewhere with values
>101U/.

Only 26% of the students had been immunized according
to current recommendations including two doses of MMR.
Thirty four percent of the students had complete and up-to-
date immunizations against diphtheria, tetanus, poliomyeli-
tis, hepatitis B and at least one documented dose of MMR;
furthermore, 117 (69%) had been vaccinated in childhood
with at least 3 doses against pertussis.

3.3. Recommended immunizations

Of the 170 students, 125 (74%) fulfilled the criteria for
one or more catch-up immunizations. Four (3%) students de-
clined them, 97 (78%) received them from us, 11(9%) missed
the appointments made for vaccinations and 13 (10%) pre-
ferred appointments with their family physicians and were
lost for further follow-up.

The following results refer to those 97 students who were
immunized by us. All 22 students who were initially seroneg-
ative for measles seroconverted (appearance of specific 1IgG

None of the 170 students had received any immunization serum antibodies) after immunization and 7 (32%) also re-

against varicella zoster virus (VZV) and 144 (97%) of 149
individuals were seropositive.

Hepatitis B immuniztion status and results of HBs an-
tibody analyses are demonstratedTeible 2 One hundred
fourty-five (85%) of 170 students had written proof of a com-
plete primary immunization series. A further 9 (5%) students

sponded with specific IgM (6 students with a previous history
of a single dose of measles and one with a history of two pre-
vious doses).

Of 18 students with negative IgG values against mumps,
17 responded to one dose whereas one student required 2
further doses before seroconversion occurred. Five (28%) of

had received one or two doses, 4 (3%) students were unvacthe 18 vaccinees developed IgM antibodies: two who had not
cinated and the remaining 12 (7%) had no documentation of been immunized before and three who had previously been

previous immunizations.
Anti-HBs-1gG antibody analyses revealed valgd® 1U/|

in 155 (91%) of the students, including 11 of 12 students with
unknown hepatitis B immunization histories. One of the 11
seropositive students with unknown hepatitis Bimmunization
history was anti-HBc-IgG positive (but HBs-antigen nega-
tive). This indicates that 10 of the 12 students with unknown
hepatitis B immunization histories obviously had undocu-
mented previous immunizations.

Table 2

vaccinated once against mumps.

Eight of 10 seronegative students, who received a dose
of rubella vaccine, responded with both IgM and 1gG an-
tibodies; one student developed IgG antibodies only and
one remained negative. All eight vaccinees with an IgM
response had a negative history of previous immunization
against rubella. The student with IgG response but no IgM
antibodies had previously received a single dose of rubella
immunization.

Comparison of number of hepatitis B vaccine doses and serum anti-HBs antibody values in 170 medical students

Number of hepatitis B vaccine doses All Anti-HBs antibody values

No. (%) 0-<101U/ >101U/ >1001U/I
0 4(2) 4 0 0
1 3(2) 2 1 1
2 6 (4) 1 5 3
>3 145" (85) 7(5) 138 (81) 113 (78)
Unknown 12 (7) 1(8) 11 (92) 10 (83)
Total 170 15 (9) 155 (91) 127 (75)

* Missing immunization records.

** n=124 with serology performed in this study and 21 students with previously documented anti-HBs antitidlids)/I.
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Of the six students without measurable IgG antibodies  Not surprisingly, we discovered significant immunization
against VZV, five were immunized. A post immunization gaps and suboptimal seroprevalence rates indicating inade-
blood specimen was available in four of them and all demon- quate immunity against various vaccine-preventable diseases

strated seroconversion. among the 170 students. Eighty seven percent of them had
All seven students with anti-HBs antibody values <10 1U/I immunization records dating backto birth. Although the great
and no previous documentation of value$0 IU/l had pre- majority of students had a complete primary immunization

viously received <3 doses of hepatitis B vaccine. Missing series against diphtheria, tetanus and poliomyelitis, upto 41%
doses were offered, accepted, administered and documentedf them were lacking one or more booster doses. Similarly,
Success of immunization was confirmed by serology in five a survey from Geneva had revealed immunization gaps for
of those students and delegated to the family physician in thetetanus, diphtheria and poliomyelitis in 29-54% of medical
remaining two. studentg3].

Necessary immunizations against diphtheria, tetanus Regarding pertussis, 31% of the students were unimmu-
and/or poliomyelitis were offered, performed and docu- nized; this probably mirrors safety concerns with pertus-

mented. sis whole cell vaccines from the paftl]. Also, immu-
nization rates for measles, mumps and rubella were low,
3.4. Personal history of previous infections with ranging from 61 to 70%. This is disappointing in light of
measles, mumps and rubella and seroprevalence in the fact that measles vaccine has been recommended for
unimmunized students children in Switzerland since 1976 and MMR combina-

tion vaccine was introduced in 1981. Furthermore, catch-
Of the 25 students without previous immunization against up immunization has been generally recommended since
measles but positive IgG antibodies, a “definite” history of 1985 [12]. Of immunized students, 10-20% had no I1gG
measles was reported in 14 (56%), “probable” in four (16%), serum antibodies against measles and mumps whereas al-
“possible” in three (12%) and “unknown” in four (16%) in- most all of them were positive for rubella. The lack of
dividuals. The only student with a negative history was also measles and mumps antibodies either reflects primary vac-
seronegative. cine failure or more probably loss of detectable antibod-
History of previous infection with mumps virus in 26 ies over time. In accordance with this hypothesis, rubella
seropositive but previously unimmunized students was “def- vaccine had frequently been administered in adolescence
inite” in 18 (69%), “probable” in two (8%), “possible” in  and therefore antibodies were still measurable in almost all
one (4%) and “unknown” in five (19%) of them. Of the nine vaccinees.
seronegative students, five had a negative history, one had a In comparison, unimmunized students demonstrated spe-
“definite” history, two had a “possible” history and in one it cific IgG antibodies against measles, mumps and rubella
was “unknown”. at rates of 96, 74 and 75%, respectively. The lower sero-
With respect to rubella, history of the 30 seropositive prevalence of mumps and rubella antibodies compared to
unimmunized students was “definite” in 14 (47%), “prob- those against measles probably reflect the different en-
able” in three, “possible” in two, “negative” in six and “un- demic situations in the past with a higher likelihood for
known” in five individuals. Of the 10 seronegative students, unimmunized individuals to contract measles than mumps
seven had a negative history and history was “probable”, “def- or rubella during childhood and adolescence. In accor-
inite” and “unknown” in one case each. dance with our findings, significant MMR immunization
History of previous VZV infection in 144 seropositve stu- gaps and serological evidence for susceptibility has previ-
dents was “definite” in 102 (71%), “probable” in 17 (12%), ously been demonstrated in medical students from other
“possible” in two, “negative” in 11 (8%) and “unknown” in  parts of Switzerland[2,3] and several other countries
12 (8%) individuals. Of the five seronegative students two [9,13-15]
had a negative history and history was “probable”, “definite” The results regarding hepatitis B in this study are of con-
and “unknown” in one case each. cern. Two percent of the students were unimmunized, 6%
were partially immunized and in 7% hepatitis B immuniza-
tion status was unknown. Overall, 9% of all students had
4. Discussion never documented anti-HBs10 1U/I.
In consequence of these results, catch-up immunizations
It has been shown in the past that medical schools fre- were deemed necessary for 74% of the students and the great
quently do not control the immunization status of their stu- majority (88%) accepted them. No serious adverse reactions
dents and in consequence outbreaks with vaccine-preventableccurred. As expected, one dose of vaccine was generally
infectious diseases involving students do o¢2u#,6,8—10] sufficient to induce measurable IgG serum antibodies against
We performed a study to explore the immunization status of measles, mumps and rubella. Most students who were ini-
students with a rotation in our hospital and also examined tially seronegative responded with IgG antibodies only, which
seroprevalence rates for selected vaccine preventable infecis in accordance with a secondary immune response. How-
tious diseases. Further, intervention was offered if necessaryever, about a third of the vaccines, most of them previously



2020 G. Baer et al. / Vaccine 23 (2005) 2016—-2020
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