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Abstract: InConnation about Mycoplasma pneumoniae infections in tropical countries is scarce. 1his study reporta the 
prevalence oC anti-M. pneumoniae antibodies among schoolchildren Crom the tropical community of Palmares, Costa 
Rica. 11Ie serum samples were coUected in July 1983 Crom 2021 children who represented 99% of the county' I 

.choolchildren. Immunofluorescense (lPA) and in sorne cases EUSA serologicaI methods were applied. IFA 
seropositivity was high (53%) and ranged from 22% to 79% depending on the distriCL Marked differences in the 
prevalence of antibodies in children attending schools oC neighboring communities. suggest that the 'chool may be 
epidemiologíca1ly important as a focus to spread mycoplasma infections among children. 11Ie presence of a low 
percentage of antibodies (lgG, IgM and IgA) against the 168 kd- M. pnellll'Wniae antigen suggested that there were 
few cases oC active or recent infections. 
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Mycoplasma pneumaniae has been well 
established as a major cause of acule respiratory 
infections (ARI) among children and young 
aduIts (poy el al. 1971, Foy el al. 1979). The 
clinical manifestations caused by inCection wilh 
this agent may inelude severe pn eumonia 
(Biberfeld and Slemer 1969, Denny el al. 1971). 

The ARI cau sed by M. pneumoniae are 
known lO spread slowly in the community, 
affecling more frequently institutionalized 
individuals (Chanock el al. 1967, Evans el al. 
1967). Additionall;y, 3 lO 10% of lhe inCccted 
cases develop pneumonia (poy el al. 1979). 

The importance of M. pneumoniae 
infections in t emperate countries has beco well 
documented, but information Crom tropical and 
other countries with .a low industrial level is 
virtually non-existent. 

The World Health Organrzalion review oC 
ARI in the Americas reported that lhere are 
seven limes more deaths due lo respiratory 
diseases in Central America than in North 
America (PAHO 1980). This difference is 
partly due to nutritional probl ems, poverly, 
poor sanitation and fewer public heallh services 
in Central America. Even though in Costa Rica 
the ARI mort ality in children over one year old 
has decreased significantIy in the last 20 years, 
lhesc inCections are one of the most important 
causes of morbidity and hospital consul�tion 
(James 1972, ChavarrCa 1985). 

Thc aim of lhis study was 10 determine the 
exposure to M. pneumoniae in children from a 
tropical community and to study the role of the 
school and the family in the transmission oC 
these infcctions. 
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MATERIAL ANO METHOOS 

Design: This work was part of a cross-sec
tional study conducted in Palmares County, 
Costa Rica, to evaluate the im,Puct of a 
Community Health Programo Among other 
parameters, antibody prevalence against polio, 
measles, rubella, tetanus, hepatitis A and M. 
pneumoniae were used as biological indicators 
of tbe programe's effects' on children's health. 
Palmares was also chosen because it had detai
led individual heallh records, allowing us to 
recover information of epidemiological rele-

, vanee. 

With the writen consent of parents and co
llaboration of school teachers, 2021 sem sam
pIes were collected from schoolchildren, 5-12 
years old. in July 1983. These represented 99% 
oC the total schoolchildren's popuJation Cor the 
county and included, in many cases, ehildren 
that belonged to the same family nucleus. 
Serum specirnens were obtained in the school 
by venipuncture and stored at -20°C until tbey 
were analyzed. 

Palmares is a County located 53 Km from 
the Capital and is divided into seven distriets 
which represent a variety of charaeteristics 
(Table 1, Fig. lA). , 

TABLE 1 

Characlerislics 01 Palmares and ils diStricls. 1984· 

District Population density 1Ype of  
Ccmmunity Inhabitants/km' Children/school·· 

Pahnares Centro 
Zaragoza 
Buenos Aires 
SanlÍa¡o 
Candelaria 
Esquipulas 

3 487 598 urban 
semi-urban 
semi-urban 

rural 
rural 

semi-urban 

512 54-214-201··. 
447 278 
249 180 
220 129-39· •• 
331 154 

La Granja 482 202 semi-urban 

• According to the Nlitional Population Census, 1984. 
•• Only children between 5 and 12 years old wcre included. 

••• Eaeh value corresponds to different schools in the same district 

Although most children attended the school 
. in their own district, 237 (12%) travel ed to 

neighboring districts to study. These were 
grouped according to the school they allended 
and the d istrict of residence (Table 2). 
However, only those groups with more than 
ten illdividuals we�e considered for analysis. 

LABORATORY METHOOS 

Organisms: M. pneumoniae s trai n FH. 
kindly provided by W. A. Clyde, Jr., University 
of North Carolina, was grown and hurvestcd as 
previously describcd (Jacobs el al; 1985). 

Indirect fluorescent assuy (IFA): Indirect 
immunofluorescence against whole M. pneu
moniae EH. cells wus done in the serum sam
pIes of 2021 sehoolchildren with a modifica
liOn oC a lechnique pre vioúsly dcsc ribed 
(Wreighitt 1985). Slides for IFA testing were 

prepared by diluting whole M. pneumoniae FH 
antigen in PBS pH 7.2 to an 00 = 0.1079. 
Then, 10 J.Il oC the suspension was dropped in 
each well oC the glass microscope slides and 
dried at 37°C for 30 minutes. For the test, dilu
tions of the sera from 1:4 lo 1:128 were made 
in PBS pH 7.2 and 10 J.Il oC each were applied 
to antigen-coated wells. A positive and negati
ve control serum were iócluded in each assay. 
Aftet incubating in a moist ehamber for 30 mi
nutes al room temperature, the slides were flus
hed with PBS pH 7.2, irnmersed Cor 10 minutes 
in the same buffer and then dried. Ten mieroli
ters of a 1 :30 dilution of FITC goat anti:..human 
polyvalent immunoglobulins (Sigma F-6506) 
wcre applied to each welI. Mter incubation al 
37°C for 30 minutes at room temperature (in 
the dark), the slides were washed as described 
before, dried and a coverslip (0.2 mm) moun
ted with glycerol mounting fluid (10% glycerol 

" 
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in PBS pH 7.2). The sUdes were examined in a 
fluorescence microscope under 40x magnifica
lion. The end point was determined as me last 
serum dilution in which the intensity of fluores
cence was three times higher than the negative 
control (one drop of PBS instead of serum was 
added to me antigen weU). 

From previous experience in our laboratory, 
we chose a cut-off value of 1:8, which gave us 
a sensitivity of 100% and an specifici ty of 
72%. as indicative of exposure to M. pneumo
niCle. 

Enzyme linke d inmunosorbent assay 
(ELISA): The quantification of serum antibo
dies (IgO, IgM and IgA)agaínst the 168 kd-M. 
pneumoniae (pl-antigen) was performed in the 
first 831 samples collected by the ELISA 
method, folIowing known procedures (Jacobs 
and CIad 1986, Jacobs et al. 1986). The cut-off 
value was 0.4 (OD = 405 nm) at sera dilutions 
of 1:100 for the IgM and IgA and 1:200 for the 
IgO. The ratio of absorbance reading of a high 
positive sample to that of a negative sample 
was al least 10: 1. 

Statistical methods: Significant differences 
were determined using a Z-test for contrast 
between proportions of independent samples. 
Odds ratio (OR) calculations were used to 
compare me prevalence of infection in children 
attending schools among me different districts 
(Dean et al. 1988). 

RESULTS 

The population consisted of 1015 males and 
1006 females. Fifty three percent of all the chil
dren studied had an antibody titer:2' 1:8 against 
M. pneumoniae, using the IFA test. The males 
showed a lower percentage of seropositivity 
man the females, 50% and 56% respectively, 
with an OR= 0.81 (CI= 0.68-0.96, p S 0.05), 
after adjusting for age and dismct. 

Significant differences were al so found 
among the percentage of positive chUdren from 
different districts (Table 2). The children who 
lived and attended school in Palmares Centro 
had the highest prevalence of seropositives 
(79%), while Zaragoza had me lowest (21 %). 

TABLE2 

School 

Preva/enee 01 anti-M. pncumoniae antibodies among children studying in lheir own district 
01 residence and children who Irave/ lo a sehool in a neighboring dislriel 

District Total IFA analysis* P-I Elisa Test·· 
of 

residence Total % Odds Total % positive 

Palmares CenL Palmares Cent. 
La Granja Palmares Cenl. 
Zaragoza Zaragoza 
Palmares CenL Zaragoza 
Buenos Aires Buenos Aires 
Palmares Cen!. Buenos Aires 
Santiago Santiago 
Zaragoza Santiago 
Candelaria Santiago· 
Candelaria Candelaria 
Esquipulas Esquipulas 
Palmares Cent. Esquipulas 
La Granja La Granja 
Palmares CenL La Granja 
Other***$o 

Total Palmares County 

'" Total-antibodies � 1 :8. 

children 

474 
18 

53-198-154*** 
12 

274 
35 
164 
51 
11 

108-36*** 
137 
61 
186 
19 
30 

2021 

positive ratio (Conf. interv. 95%) children IgG IgM IgA 

79 1.0 400 3 3 3 
53 0.33 (0.12-0,96)**··· O 

21-22-24 1.0 O 
56 4.97 (1.38-18.54)***** O 
31 1.0 O 
69 4.85 (2.15-11.11)***"'* O 
46 1.0 114 O 6 11 
29 0.49 (0.24-1.02)"'**·· O 
62 2.08 (0.52-8.83) O 

67-58 138 3 14 4 
46 1.0 137 4 4 7 
83 5.99 (2.67-13.76)****'" 48 4 2 8 
59 1.0 O 
88 5.87 (1.25-37.94)***"'* O 
51 O 

53 837 

"* Was done in !he first 837 samplcs collecled. A posiLÍve result was considered when 0.D.(405 nm) l!: 0.4 in a dilution 
1 :200 for IgG and ¡: 1 00 Cor IgM and IgA. (-) Indicates 001 done. 

$o" Each value corresponds to different schools in the same dislrict. 
**** These children traveled in groups with less lhan 10 individuals. Therefore, they were included only fo� abe 

estimation of Palmares County seropositivity. 
*"''''*''' p:S; 0.05. 
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In general,chíldren who lived in a district of 
low prevalence of IFA-seropositives, and 
traveled to a community with high prevalence, 

A 

showed a higher percentage of seropositives 
than the ones that attended school in their own 
district of residence (Fig. lB). 

B 

Fig. 1. A. Districts and main routes of communication in Palmares County, according to the National Census, 1984: (-) 
Highway, (-) Road, (---) Secondary road. B. Percent of seropositives (*) amon g individuals who attendent the scheoI of its 
own district of residence, Candelaria and Zaragoza have two and three schooIs respectively; and (**) children who studied in 
schools of neíghboring districts. The arrows indicate the way the children moved from one district to estudy in the 
neighboring scheol district. 

In total, 1439 of the students belonged to 
families with two or more children included in 
the study, which allowed assessing family effect. 
The 2021 ehildren were grouped according to 
distriet and number of family members 
participating in the study (Table 3). The 
prevalenee of IFA antibodies in those groups 
was eompared with the seropositivity of the 
corresponding distriet. Differences among the 
families with 1, 2, 3 or 4 children, within a 
distriet, were not significant, with the exception 
of the families with one sehoolchildren from 
Palmares Centro, who had a higher percentage 
of positives than the families with two or more 
members (TabIe 3). Furthermore, differences 
between districts remained statistically signifi-

cant after adjusting by family groups, regardless 
of the numbcr of children per family. 

We obscrved that IgM and IgA positive 
titcrs (above 004 OD) were more frequent than 
IgG, in the 837 samples tested using ELISA 
(Table 2). The districts of Candelaria (14%) 
and Santiago (11 %) showed the highest 
prevalences for IgM and IgA respectively. 

DISCUSSION 

There has been no systematic investigation in 
tropical countries on the occurrence of M. 
pneumoniae infections, and liale is known about 
the prevalence of i15 antibodies and the relative 
burden of this agent on health in these areas. 
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TABLE3 

Comparison ol lhe percentages 01 !FA seropositive children analyzed by district 01 
residence andlamily nucleus conlormed by 1,2,3 and 4 schoolchildren 

District of District Families with 1 Families with 2 Families with 3 Families with 4 
residence % No.* %** No. % No. % No. % 

Palmares Centro 79 178 85 *** 100 82 22 74 1 50 
Zaragoza 22 139 27 85 24 17 22 6 17 
Buenos Aires 31 93 32 55 31 15 44 1 50 
Santiago 46 38 47 36 43 14 52 3 33 
Candelaria 58 55 62 23 67 11 61 2 50 
Esquipulas 46 46 46 40 51 16 49 1 25 
La Granja 59 68 57 40 63 6 56 2 88 

Total families 617 379 101 16 
Total children 49 617 52 758 52 303 52 64 45 

* Total number of families analyzed. Families with more than four schoolchildren were rare and therefore excluded. 
** Percent of seropositive schoolchildren. f"�:.tí·,,!¡(.('¡:. . i ." 

*** p S; 0 .05 when compared with seropositivity in the district. i'", f: 

In temperate eountries, the frequeney of M. 
pneumoniae infections is known to inerease du
ring winter months (Foy el al. 1979), while in 
the tropics, no specifie studies on the seasonal 
variations of M. pneumoniae infeetions have 
been eondueted. However, it has been observed 
that ARI increase during the rainy season 
(Monto and Johnson 1967). The samples for 
this study, were obtained during the rainy sea
son of 1983. For that year, the Deparment of 
Statistics from the Ministry of Health, Costa 
Rica, reported a significant increase on ARI in 
relation to the previous three y ears, without 
identifying the etiology (División d e  
Epidemiología, Ministerio d e  Salud d e  Costa 
Rica, 1983). Therefore, by eoincidence, the 
sampling was performed during an ARI epide
mico 

The data show that 53% of the schoolchil
dren had positive antibody titers against M. 
pneumoniae by the IFA technique. This preva
lence is high and consistent with an epidemic 
of M. pneumoniae. Furthermore, when the in
formation of different districts was analyzed 
separate]y, significative differences were obser
ved: percentage of positives ranged from 21 % 
in Zaragoza 10 79% in Palmares Centro (Table 
2). lt is difficult to compare serologic data ob
tained by dífferent procedures in several popu
lations and al different times of the epidemic 
cycle; nevertheless our results ranged from as 
high as those reported by Brunner el al. 1977 

(77%) and POnka and Ukkonen 1983 (77%) lO 
as low as those obtained by Foy et al. 1971 
(14%) and Golubjatnikov et al. 1975 (18%). 
The differenees in the percent of seropositives 
observed among the Palmares's districts also 
suggests the coíncidenceof this sludy with an 
epidemic peak, which prob ably began i n  
Palmares Centro, was spreading t o  the other 
communities, and y et had not affected sorne 
(like Zaragoza). This behavior is similar 10 the 
observation described by Foy el al. 1971, that 
the infeetion moved according 10 the supply of 
susceptibles, and the chanee for effective 
contact eausing minor localized epidemies. 
Surprisingly, in that year, epidemics eaused by 
M. pneumoniae were also reported in several 
temperate countries (Ritter el al. 19i3, Lind 
and Bentzon 1988). 

The ELISA test was used 10 measure the ti
ter of specifie antibodies against M. pneumo
niae P-I prote¡n. Since these antibodies inerea
se and decrease more rapidly after infection 
(Jacobs el al. 1986), when compared with the 
IFA-total antibodies against the complete bacte
rial antigen(Hu el al. 1983), the presence of p
I antibodies is associated with actual or very 
recent M. pneumoniae ¡nfection. Among the 
837 children studied by this method. very few 
presented positive levels against P-l protein, as 
expected, since they were attendingschool at 
the moment of sampling. The few that were 
found positive may have had a recent ¡nfeedon 
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or were in me course of a mild one, as observed 
by others (Poy el al. 1966, Biberfeld and 
Stemer 1969, Denny et al. 1971). The antibody 
responses, when positive, were mainly of the 
IgM and IgA type, as suggested by Cham
hedain and Saeed 1983. 

The rustncts of Candelaria and Santiago have 
the highest proportion of ELISA seropositive 
children (TabIe 2). Both have the smallest 
schools and are more rural and isolated (TabIe 1, 
Fig .  1). Furthermore, the two schools in 
Candelaria showed differences between them 
(58% and 67%), by IFA, in contrast to the 
behavior observed among the three schools of 
Zaragoza (21 %, 22% and 24%). Again, the 
difference between me two schools of Candelaria 
may reflect an active epidemic process beginíng 
in that area and moving from Candelaria to 
Santiago. In this case, me children from Santiago 
who attended school in Candelaria could be 
taking me infection back to Santiago (pig. 1). 

In previous studies Foy et al. (1966) found 
that children 5-14 years old were the most 
common primary cases of infection in me family, 
acting as a reservoir and becoming the most 
important vector. In contrast to mis observation, 
they considered mat the " cornmunicability .. at 
school was low compared with me transmission 
within the family (Foy et al. 1971). In the 
present study, the antibody prevalence of 
children who travel to Palmares Centro School, 
from an outside district was compared with me 
antibody prevalen ce of the children attending 
their own district's school (Fig. 1). The risk of 
acquiring me infection was five times greater for 
children traveling to study in Palmares Centro, 
compared with the children studying in their own 
school district. The importance of the school in 
the transmission of me M. pneumoniae was a1so 
evident when children living' in a high 
prevalence district traveled to study in schools of 
lower prevalence. In this case, the risk of 
acquiring the infection was lower for the 
children who traveled (TabIe 2, Fig lB). 
Furthermore, there were no significant 
differences between the prevalence of M. 
pneumoniae in families with 1, 2, 3 or 4 siblings 
(TabIe 3). , 

Similar to temperate countries, for 5 to 12 
year old children, females had a higher 
antibody .prevalence (Golubjatnikov et al. 
1975, Monto et al. 1975). The reasons are oot 
known and deserve further investigation. 

The results of this study suggest that in 
Palmares the school played an important 
transmission role by concentrating the 
susceptible individuals and increasing me risk 
of an outbreak mat eventualy also hit families. 
This seems contrary to previous findings in 
countries with temperate cUmate (Foy etal. 
1966). The reasons for these difference are not 
clear and should be subject for further sturues. 
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