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A city-wide cytomegalovirus serosurvey was conducted in Shanghai, China, and associated parameters were
calculated by employing the catalytic model. The lowest seroprevalence was 60.37%, found in the >1- to 3-year
age group. The value increased rapidly with age until 25 years, when a value of 97.03% was found, caused by
the high force of infection (12.69) and by the reproductive rate (8.89).

Human cytomegalovirus (HCMV) is one of the eight human
herpesviruses. Almost anyone of any age is susceptible to
HCMV. The seropositivity of cytomegalovirus varies from 40%
to 100%, with a pronounced disparity between developed and
developing countries. Cytomegalovirus has a natural ability to
enter latency after asymptomatic or symptomatic primary in-
fection and undergoes periodic episodes of reactivation, espe-
cially in immunocompromised settings (17).

Primary HCMV infection in the mother during pregnancy
has a high possibility of causing congenital infection (1, 11).
However, pregnant women with HCMV reactivated from la-
tency or reinfected by new strains can also transmit the virus to
the fetus through the placenta, with the latter circumstance
leading more easily to this effect (4, 11, 22).

In immunocompetent persons, adequate humoral and cel-
lular immunity are required to restrain viral replication after
primary infection and to maintain HCMV in a lifelong
chronic state. Persistent cytomegalovirus infection could
elicit the seemingly preferential expansion of HCMV-spe-
cific clones and lead to HCMV-related inflammation, which
is harmful to adults, especially the elderly (2, 12, 15, 20, 21).

There were several surveys conducted in Shanghai, China,
estimating HCMV seroprevalence rates several decades ago, in
which the population was selected only from women of child-
bearing age or those who were pregnant. Indeed, the overall
seroprevalence rates of the entire population of Shanghai have
not previously been investigated. Only when we survey and
analyze the overall circumstances of HCMV infection in
Shanghai can the public or government awareness be height-
ened and can a project be framed for prevention of HCMV-
associated diseases, primary infection, or reinfection.

Ethics approval was obtained from the Ethics Committee of
Ruijin Hospital. A total of 8,190 serum samples collected from
June 2006 to May 2008 in Shanghai, China, were tested for
HCMV seroprevalence. The serum samples provided for the
HCMV seroprevalence survey were supplied by the Ruijin
clinical laboratory after completion of clinically required test-
ing. Specimens from organ transplants and from subjects who

received a transfusion within the past 3 months or were known
to be infected with human immunodeficiency virus were dis-
carded. Serum samples were identified at Ruijin Hospital by
the name of the subject, gender, age or date of birth, and date
of collection to ensure that only one sample from any one
subject was tested. HCMV-specific immunoglobulin G levels
were tested by microparticle enzyme immunoassay technology
(AxSYM). The presence of at least 15 antibody units per ml of
sample is indicative of past or current infection with HCMV.

Due to Ruijin Hospital’s reputation and size, samples col-
lected from this hospital over a span of nearly 2 years are
representative not only of the population of Shanghai, China,
but also of the population of eastern China. Serum samples
were collected from subjects between 0 and 106 years of age
and were stratified into the following age groups: �1 to 3, �3
to 5, �5 to 10, �10 to 15, �15 to 20, �20 to 25, �25 to 30, �30
to 35, �35 to 40, and �40 years. Since the source of HCMV
antibody in the �1 age group was not clear, this group was
removed (3). Furthermore, as there were no significant differ-
ences in seroprevalence after the age of 40 years, the data after
that age could be aggregated as �40 years. Prevalence was
calculated separately for each age group and for Shanghai as a
whole by weighting the prevalence estimates for each group by
the age distribution of the 2004 Shanghai population. The
median age of the oldest group (namely, �40 years) was as-
sumed to be 55 years, because 70 years is generally considered
to be the threshold age for the type I death rate (a death rate
defined as type I indicates each person survives until the age
specified, after which survival probability becomes zero [6]).
Sample sizes were calculated to achieve a 95% confidence
interval (CI) of approximately �5% for each age group.

Three derived parameters, including the force of infection,
the basic reproductive rate, and the average age of infection,
were estimated by employing the catalytic model based on the
underlying variable of age-specific seroprevalences (3, 6, 8, 14),
which could noticeably reflect the severity of HCMV infection.
The basic concepts of the above-mentioned three parameters
were also discussed in the publication of Colugnati et al. (6).

Since only the cross-sectional survey was conducted, we as-
sumed that the force of infection would be age dependent, with
the absence of time dependence at the beginning (equation 1),
a circumstance likewise observed in the Colugnati study (6):
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S��a� � exp���
0

a

��x�dx� (1)

where a is age, S�(a) is the age distribution for the seroneg-
ative samples, and � is the force of infection, which is permit-
ted to be a complicated function. After the integral transform
method and the log-linear approach were employed, the pri-
mary equation was changed as follows:

ln�S��a�� � ��	0 � �a� (2)

If y � �ln�S��a��

y � 	0 � �a (3)

Force of infection was assumed to be constant, and equation
3 was plotted as a scatter plot according to our data. Regress-
ing on the overall population, it was found that there were no
extreme deviations from linearity. Moreover, in combination
with statistical analyses of linear regression, the model showed
significance (P � 0.05), indicating that the slope could be
assumed to be constant. Therefore, the slope of the linear
regression model (equation 3) was the estimate of the force of
infection. Also, the estimates of the reproductive rate and the

average age of infection were calculated using the equations
seen in reference 6 under the age-independent assumption.

The seroprevalence comparisons were performed by the chi-
square test or Fisher’s exact test with SAS 6.12 TS level 0020
software. The force of infection was calculated by linear re-
gression analysis also using SAS 6.12. P levels of 0.05 or less
were considered statistically significant.

The weighted seroprevalence of the tested population of
Shanghai, China, was 95.40% (95% CI, 94.94 to 95.85%), with
an overall association identified between seroprevalence and
increasing age. However, there were rapid increases seen
before the 25-year end point, progressing then to a relatively
stable stage. The lowest seroprevalence was 60.37%, seen in
the �1- to 3-year group, indicating that the first few years of
life is a crucial period for cytomegalovirus infection and
vaccination. Seropositivity continued to rise rapidly with age
up to 97.03% in �20- to 25-year-olds. Statistically significant
increases were obvious among the continuous four groups
from �3 to 25 years of age (Fig. 1).

When male seroprevalence was weighted based upon the
age distribution of females, there was little overall differ-
ence between males and females (95.55% and 95.84%, re-
spectively; P 
 0.511). However, there was a large discrep-

FIG. 1. HCMV seroprevalence by age group in Shanghai, China. T bars represent 95% CI. Black columns represent HCMV seroprevalence
for an entire population. Light gray columns apply to males, and dark gray columns to females. Asterisks represent the statistical difference between
group comparisons. One asterisk indicates significant difference (P � 0.05 and P � 0.01), while two asterisks indicate extraordinary difference (P �
0.01). Data below indicate the population number in each corresponding age group.
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ancy between genders in the group aged �5 to 10 years, with
the male seroprevalence rate appearing to be much higher
than that of the females (Fig. 1). Thus, the HCMV infec-
tious surge in females was always seen to occur later than
that in the male population before 25 years of age. This
phenomenon could be explained by later stages being char-
acterized by increased social activity among females. In gen-
eral, there were no statistically significant differences be-
tween males and females in most age groups (Fig. 1).

The overall force of infection in �1-year-olds in Shang-
hai, China, was 8.04 per 100 persons per year (P 
 0.0001
for the linear regression model). However, it was much
higher among �1- to 25-year-olds (12.69; P 
 0.0001), which
led to a higher reproductive rate (8.89) before the 25-year
end point. The overall basic reproductive rate was 5.65,
indicating that, on average, an infected person transmits
HCMV to nearly six susceptible people. The average age of
HCMV infection was 7.87 years, based upon the force of
infection before 25 years of age (Table 1).

When force of infection was stratified by gender overall,
females (9.16; P 
 0.0001 for the linear regression model)
scored a bit higher than males (7.69; P 
 0.0001) (Table 1).
Females maintained a high force of infection (13.30) from �1
to 25 years of age, while males showed a similar force of
infection (13.40) from �1 to only 20 years.

In comparison with the other five countries listed in Table 2,
HCMV force of infection in Shanghai, China, ranks at the top,
as does the basic reproductive rate. Also, the average age of
infection in Shanghai is the youngest observed. HCMV force
of infection in Shanghai is 5.14-fold higher than that in the

United States (1988 to 1994), 4.35-fold higher than that in
Australia (2002), and so on. The high force of infection is
directly associated with the high basic reproductive rate (Table
2). While in the other five countries, it is delayed almost to
child-bearing age (in São Paulo, we focus mainly on the second
stage of HCMV infection [3]), the average age of infection in
Shanghai occurs nearly at the end of childhood, even though
the data are calculated almost based on the second stage of the
infectious surge due to the deficiency of the data in the first
year.

An important limitation of this study is the limited popula-
tion of �1- to 15-year-olds, for which the grouping may not be
sufficiently powered, and the associated parameters therefore
may not be calculated accurately. However, the basic conclu-
sion can still be made based upon the captured information,
and the general overall trend is still apparent. Moreover, the
Farrington equation is flexible (6, 8).

The lowest seroprevalence of HCMV is 60.37%, found
among subjects that were �1 to 3 years of age. If we assume a
seroprevalence of zero at birth, then the force of infection of
the earliest few years is very high, suggesting that the first 2 or
3 years of life form a crucial stage of HCMV infection and
vaccination. Therefore in developing countries, the force of
infection always exhibits at least two stages, from a steep to a
smooth curve, a circumstance likewise observed in the Almei-
daa study (3). They had used a modified Farrington method to
estimate the force of infection, which was age dependent. It
showed its highest value early in childhood and then fell
quickly to nearly 5 years of age. Subsequently, it went up slowly
and then decreased again. The first curve was assumed to be

TABLE 1. HCMV force of infection, basic reproductive rates, and average ages of infection in Shanghai, China

Shanghai population
characteristic

Force of infectiona

(95% CI)
Basic reproductive

rate (95% CI)
Average age (yr) of
infectionb (95% CI)

Entire Shanghai population 8.04 (6.36–9.72) 5.65 (4.50–6.81)
Aged �1 to 25 yr 12.69 (11.49–13.90) 8.89 (8.05–9.73) 7.87 (7.19–8.68)
Total males 7.69 (5.59–9.78) 5.41 (3.99–6.86)
Males, �1 to 20 yr 13.40 (10.20–16.59) 9.38 (7.15–11.61) 7.46 (6.03–9.75)
Total females 9.16 (7.59–10.72) 6.42 (5.34–7.51)
Females, �1 to 25 yr 13.30 (10.23–16.36) 9.31 (7.17–11.45) 7.52 (6.11–9.72)

a Number of individuals infected by HCMV per 100 susceptible individuals per year. If the relevant confidence intervals did not overlap, the parameters based on
the different groups were considered to have statistical difference.

b Since the average age of infection was less than 25 years based on the overall force of infection, it should be calculated more accurately according to the force of
infection among �1- to 25-year-olds.

TABLE 2. Comparison of HCMV force of infection, basic reproductive rates, and average ages of infection in different countries

Location (yr studied)a Population Force of infectionb

(95% CI)
Basic reproductive

rate (95% CI)
Average age (yr) of
infection (95% CI) Reference

Shanghai, China (2006–2008) Entire Shanghai population 8.04 (6.36–9.72) 5.65 (4.50–6.81) 7.87 (7.19–8.68)
Australia (2002) Entire Australia population 1.89 (1.53–2.26) 1.80 (1.63–1.99) 27.50 (26.14–28.87) 19
São Paulo, Brazil (1990–1991) Entire São Paulo population Age dependentc 5.02 mo, 19.84 yr 3
ARM, Spain (1993) Entire ARM population 4.98 (2.91–7.05) 3.60 (2.34–4.97) 17.87 (13.68–23.87) 7
ARM, Spain (1999) Entire ARM population 3.37 (2.63–4.11) 2.61 (2.19–3.05) 22.37 (20.15–24.82) 7
London, UK (1975–1982) Pregnant women 3.10 2.40 32.00 10
London, UK (1983–1985) Pregnant women 3.50 2.70 29.00 10
United States (1988–1994) Entire U.S. population 1.60 (1.30–1.90) 1.70 (1.50–1.80) 28.60 (27.30–29.40) 6

a ARM, Autonomous Region of Madrid; UK, United Kingdom.
b No. of individuals infected by HCMV per 100 susceptible individuals per year.
c The age-dependent force of infection has its highest value early in childhood and then drops quickly to nearly 5 years of age. Afterward, it increases slowly (from

5 to 15 years old) and then decreases again at a minimum speed during the life span (3).
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the first stage. In this article, it is mainly the second stage that
was investigated.

Proceeding forward nearly 20 years, the seroprevalence is
seen to increase to 97.03% under a high force of infection and
reproductive rate. In contrast with the developed countries,
where there exists a large proportion of susceptible women of
child-bearing age, almost every woman of child-bearing age in
Shanghai, China, is infected with cytomegalovirus. However,
the incidence of congenital HCMV infection is not infrequent.
According to nation-wide or province-wide surveys done in
China, the positivity of HCMV-specific immunoglobulin M in
newborns is 1.5 to 3.7% (5, 13, 16, 23), much higher than that
in developed countries where the incidence of congenital
HCMV infection has been reported to vary between 0.15 and
2.0% (9, 11, 17). Since preconception immunity against
HCMV provides only partial protection from intrauterine
transmission, a substantial proportion of congenital HCMV
infections occur in the offspring of women with preconception
immunity, possibly due to the acquisition of a new strain (4, 11,
22). Therefore, HCMV vaccination is deemed to be necessary
and effective for preventing congenital HCMV infection or
disease (18, 22).

A higher HCMV force of infection and basic reproductive
rates in childhood and adolescence dictate an earlier age of
HCMV infection, leading in turn to a greater number of years
spent infected with HCMV on average by the time an individ-
ual reaches old age. This is a circumstance which carries in-
creased detrimental consequences (12, 15, 20, 21) and has
important implications for the necessity of early life vaccina-
tion.

At this time, a clinically licensed vaccine is still not available,
but significant progress has been made. Scientists in the rele-
vant fields continue to study approaches, including the use of
polyepitopes which can induce both humoral and cellular im-
munity to prevent infection. Increased effective longevity may
be gained from a combination of strategy and regular booster
immunizations, building defenses against HCMV multistrains
given the expectation of reinfection by different strains of
HCMV in humans (18, 22).
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