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Abstract 
Macrophages play a crucial role in respiratory viral infections. However, the mechanisms by which 
these cells are recruited locally are not fully understood. We study the role of the chemokines 
Monocyte Chemotactic Protein (MCP)-1, -2 -3 and -4 on monocyte/macrophage recruitment during 
respiratory viral infections. Levels of these chemokines were investigated in nasal aspirates from 6-
12 years old children suffering respiratory viral infections, caused by rhinoviruses, influenza viruses, 
parainfluenza viruses, adenoviruses, and respiratory syncytial virus. 
MCP-3 and -4 were significantly higher in samples derived from virus-infected children compared 
with samples from the same children when they had been asymptomatic. Concentrations of both 
chemokines were found to correlate with the number of recruited nasal macrophages significantly. 
Chemotaxis assays showed that purified MCP-3 and -4 from nasal aspirates showed biological 
activity in vitro. There were not significant differences in MCP-1 and MCP-2 levels between both 
groups.  
Our data indicates that MCP-3 and -4 may have an important role in macrophage recruitment in 
children with proven upper respiratory viral infections. These chemokines could be potential target 
for therapeutic intervention in respiratory viral infections. 
 
 Key words: macrophages, Monocyte Chemotactic Protein-1, -2, -3, and -4, upper respiratory 
infections, viral infections. 
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Introduction 
Viral infections are the major cause of the common cold and are recognized as a major health 
problem world-wide, particularly because a significant number of patients develop rhinosinusitis 
and/or asthma. Monocytes play important roles in respiratory viral infections [1]. For example, 
during infectious inflammatory processes these cells migrate from the bloodstream into nasal tissue 
where they mature into either macrophages or dendritic cells. In contrast to dendritic cells that 
transfer information from the periphery to the regional lymph nodes, tissue macrophages appear to 
exert their function in situ. These highly phagocytic cells play important roles in innate immunity by 
engulfing infections agents and killing them into the lysosomes. They also constitutively express 
major histocompatibility complex class II molecules and are thus able to instruct the adaptive 
immune system by presenting pathogen-derived peptides to local T cells. In the case of viral 
infections, macrophages play crucial roles in virion phagocytosis and destruction, antigen 
presentation, and cytokine production.   
Studies conducted in mice have shown that under steady-state conditions about half of the circulating 
monocytes leave the bloodstream each day [2]. However, in mice responding to inflammatory 
challenge, the number of monocytes leaving the circulation per day is at least double. The half-life of 
circulating monocytes in humans is about three times longer than in mice, but the thousand fold 
greater monocyte mass in humans means ~340 million monocytes leave the circulation each day [2]. 
Monocyte recruitment into the airways involves a series of events including adhesion to endothelial 
cells, transendothelial migration and subsequent chemotactic movement. These processes are 
regulated by the local release of inflammatory mediators and cytokines [3]. The monocyte 
chemotactic proteins (MCP)-1, -2, -3 and -4 have assumed particular significance in relation to these 
processes. The MCPs are members of the CC chemokine family and share 51-78% aminoacid 
homology. The four MCPs activate monocytes via the CC chemokine receptor 2 (CCR2). MCP-3 
and -4 additionally activate both CCR1 and CCR3 while MCP-2 activates CCR5 [4]. 
Naturally occurring common colds have been proved to be excellent model to investigate 
inflammatory mechanisms in upper viral respiratory disease. Using this model we have previously 
shown that IL-8, RANTES and MIP-1 alpha are released in the nasal secretions from children 
suffering naturally occurring upper respiratory viral infection suggesting that they may be important 
in the recruitment of neutrophils and eosinophils respectively [5, 6]. However, no studies have been 
carried out to investigate the possible role of the MCPs in naturally occurring colds. MCP-1-2 -3 are 
also known as CCL2, CCL8, CCL7 and CCL13; respectively. 

Methods 
Participants 
Between October 1999 and September 2001, we recruited 51 volunteers from 125 children on 
asthma registers kept in the National Institute of Respiratory Diseases, Mexico from a longitudinal 
study on virus respiratory infection and asthma conducted in the school “Tizoc” Xochimilco, México 
City. We sent a letter to the parents of each child informing them of the study and inviting their 
children to participate. Every child was allocated a number, randomly. Most children had history of 
wheeze or cough (95%) in the 12 months before study. The Hospital’s Ethic Committee approved 
the study. We obtained written and verbal consent from parents and children. 
 
 
Procedures 
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At study entry, we recorded participants’ height, and the peak expiratory flow (PF) rates. We showed 
to the children the nasal-aspirate sampling technique that would be used during the study. 
Participants used a diary card to record the peak flow (PF) rates.  Their atopic status was determined 
by skin-prick testing with different allergens (Dermatophagoides pteronnisinus and farinae, mixed 
grass, tree pollens, cat and dog dander and cockroach). They also recorded subjective assessments of 
respiratory symptoms: 0=absent, 1=mild, 2=moderate and 3=severe. Upper respiratory-tract 
symptoms were runny nose, sneezing; blocked nose; sore throat, hoarse voice; headaches; aches or 
pains elsewhere; and feeling chill, fever, or shivers. Lower respiratory-tract symptoms were cough 
during the day, wheeze during the day, shortness of breath during the day, night cough, and wheeze 
or shortness of breath during the night. Scores were added to give daily upper and lower respiratory-
tract scores, respectively. When the upper respiratory-tract score was 1 or greater, a nasal aspirate 
was taken from the child, which would be tested for the presence of a viral infection. Nasal aspirates 
were collected from the child within the first 18 hours (range, 12- 24 hours) of the outbreak of 
respiratory symptoms. The nasal aspirate was homogenized in 9 volumes of virus transport medium, 
and centrifuged at 2,500 x g for 10 min at 10°C. Supernatant was recovered and used for cytokine 
detection; the cell pellet was used to study the nasal recruited cells. Similar samples were obtained 
when the same children had been asymptomatic for at least 2 wk.  
An upper respiratory-tract infection was diagnosed when a participant reported a cold and infection 
was detected as described in virus detection methods. We determined the start of infection (day 0) 
using plots of all recorded upper respiratory-tract symptoms. Severity was assessed by the change in 
mean lower respiratory-tract symptoms or PEF measurements (largest drop from the median 
expiratory flow rate) from the week before to the week after the start of infection. 

Virus detection methods 
Detection of rhinovirus (RV) was performed by RT-PCR as we have previously described [5]. 
Briefly, RNA was purified from 500 µl of the original nasal sample with Trizol® and reverse 
transcribed using Superscript® enzyme (Invitrogene, CA, USA) and oligo(dT) primer (Invitrogen, 
CA, USA).  PCR was performed with Expand enzyme (Roche). The oligonucleotide primer 
sequences were: sense (OL26), 5'GCACTTCTGTTTCCCC3', and antisense (OL27), 
5'CGGACACCCAAAGTAG3' which generated a product size of 380 bp. Samples from all reported 
episodes and all asymptomatic samples were analyzed in duplicate. 
Detection of other respiratory viruses (adenovirus, parainfluenza virus, influenza virus type A, 
influenza virus type B, and RSV) was performed by cell culture in cell lines including Vero, HEp-2 
and MDCK cell monolayers. When cytopathic effects were extensive, detached cells were analyzed 
using an immunofluorescence kit (Chemicon, 3105) [7]. More details are given on line.  
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Differential cell counts 

Nasal cells obtained from nasal aspirate were resuspended in phosphate buffered saline solution  
(106/ cells/ml). 50 µl aliquot of cell was subjected to cytocentrifugation (Wescor 7620), air-dried and 
stained with a Diff-Quick Stain kit (Dade Behring, Newark, DE). Four hundred cells per cytospin 
were counted. 

Enzyme-linked immunosorbent assay for detection of MCPs 
Concentrations of MCP-1, -2, -3, and -4 in nasal aspirates were measured using specific sandwich 
enzyme-linked immunosorbent assays (ELISAs) as we have described previously [8]. Briefly, a pair 
of highly specific antibodies for each chemokine was purchased (R&D Systems) and an ELISA 
developed following the manufacturer’s protocol. Measurements of MCP-3 and MCP-4 were 
performed in neat (non-concentrated) nasal aspirates while MCP-1 and -2 were measured in 2-fold 
concentrated NAs as these chemokines were not detected in neat samples. The lower limit of 
detection for all the MCPS was 7 pg/ml. 
 
Partial purification of MCPs-3 and 4 from nasal aspirates 
Pooled nasal aspirates (30 ml) from 20 children with proven viral acute respiratory infections were 
applied to a HiTrap® column (Amersham, London, UK) coated with specific antibodies to MCP-3 
and -4 (Chemicon, CA, USA). Bound MCP-3 and -4 were eluted, freeze-dried, and redissolved in 1 
ml of PBS, before applying onto a RP-8 reverse-phase column in an HP 1100 High Performance 
Liquid Chromatography System (HPLC). Eluted fractions were freeze-dried, re-dissolved in 0.1% 
bovine serum albumin, and subsequently assayed for monocyte chemotaxis. 

Chemotaxis assays 
Chemotaxis assays were performed in a microchamber (protocol Neuro Probe, AC48) using 
polycarbonate filters (Poretics®, 5 µm, Osmonics, Inc.) and human monocytes (106 cells/ml). 
Chamber was incubated for 90 min. at 37 ºC. Filter was removed, fixed and stained with Giemsa 
solution. Monocytes per five microscopic fields were counted at a 200x magnification.     

Statistical analysis 
The clinical data generated from the study were coded and entered on to a data base. The duration of 
an episode was taken as the time from the initial fall in peak expiratory and/or rises in symptoms to 
the day when they returned to the median value. Additionally, the infection was further confirmed as 
described in virus detection methods. The Mann-Whitney U test was used to compare continuous 
data between subgroups. Different episodes in the same child were treated as independent. MCPs 
levels were analysed by Kruskal-Wallis test, p values < 0.05 were regarded as statistically 
significant. Correlations between chemokine levels and cell counts were analysed using Spearman’s 
rank sum testing (SPSS 10.0 program). 

Results 
From the 125 asthmatic children, 51 expressed interest to participate in the study. The remaining 74 
did not wish to participate. Reasons for declining participation in the study included unwillingness to 
take part in a time consuming study, domestic difficulties, emigration and the possibility that the 
project would interfere in the school work.  
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Three children have outgrown their asthma as reported by their parents. Thus, they were excluded 
from the study. The study cohort included 18 boys and 30 girls (mean age 10.15 years, range 8.2 
years to 12.4 years). 36 children were atopic (75%). Mean follow-up was 70 weeks (from November 
1999 to June 2001, excluding the summer recess between July and August 2000). The mean FEV1 at 
entry was 1.92 L (range 1.1 to 2.63 L) with a mean percentage of predicted FEV1 of 76% (50 – 120). 
Fifteen children took bronchodilators regularly and 19 as requires; 10 took prophylactic inhaled 
steroids. The median baseline peak expiratory flow was 342 (range, 170-572 L/min). 
There were a total of 89 reported cases of acute respiratory infections from the remaining 48 
Mexican children: rhinovirus were detected in 24 (26.97%), influenza A virus in 11 (12.36%), 
adenoviruses in 11 (12.36%), influenza B in 8 (8.99%), RSV in 8 (8.99%), parainfluenza virus type 2 
in 7 (7.87%), parainfluenza virus type 3 in 6 (6.74%), parainfluenza virus type 1 in 3 (3.37%), and 
11 (12.36%) with dual infection.  Children developed in average 1.97 ± 0.169 respiratory viral 
infections over the period of the study. 
Median lower respiratory-tract scores in the week before- and after infection were 0.3 (range 0 - 2) 
and 1.9 (range 0 - 8), respectively. Inspection of the charts for each child showed that viral infections 
were associated with sudden severe falls in PEF, followed by recovery to baseline again over the 
following two to three weeks. Median PEF rates in the weeks before and after infection were 310 
L/min (108 – 458) and 259 (48 – 420), respectively. 
The severity of lower respiratory-tract symptoms was increased and PEF measurements dropped 
with all respiratory virus types. The relationship of lower respiratory tract scores was significant for 
all virus types, with increases in symptom scores of 0.4 and 2.2 (0.6-4.1), respectively. Peak flows 
dropped in average 16.22% + 1.80 (55.56 + 5.7 L/min) during viral episodes. Figure 2 shows 
respiratory symptoms, peak flow recordings, and viruses isolated for one child. 

Cell counts 
Total number of cells recorded during a period symptomatic were nearly 100 fold higher when 
compared with the asymptomatic period, medians were of 2,600 x 103 cells/ml (range 40 to 13,800 x 
103 cells/ml), and 24 x 103 (range 6 to 29 x 103 cells/ml) respectively. All cell types were found to be 
increased in the symptomatic group (neutrophils, 200 fold; macrophages, 100 fold; and lymphocytes, 
150 fold; table 1) compared to asymptomatic group; and differences were statistically significant (p 
< 0.001). Eosinophils were seen in very few samples and there was not statistical difference between 
the two groups.  

Measurements of MCPs in nasal secretions  
Measurements of MCPs by ELISA showed no changes in levels of both MCP-1 (22.9 + 6.1 vs. 16.4 
+ 1.3) and MCP-2 (11.85 + 4.1 vs. 7.2 + 1.2) in nasal aspirates from children with naturally occurred 
acute respiratory infections as compared with samples from the same children when they had been 
asymptomatic (Figure 3A and 3B). In contrast, MCP-3 and -4 were increased in nasal aspirates from 
children with acute respiratory infections as compared with the control samples (MCP-3: 185.0 + 
17.1 vs. 32.0 + 0.78 pg/ml; and MCP-4: 243.2 + 18.67 vs. 33.8 + 1.56 pg/ml; p < 0.001), figure 3C 
and 3D. All respiratory viruses including RV, IV, PIV and RSV induced comparably concentration 
of MCP-3 and -4 in nasal secretions (data not shown). 
To investigate the relationship between macrophage influx, and MCPs, we sought correlations 
between macrophage counts and MCP-3 and -4 levels detected by ELISA in clinical samples. Levels 
of either MCP-3 or MCP-4 correlated with macrophage numbers recruited in nasal samples from 
children with respiratory viral infections (r = 0.654, p = 0.003; and 0.648, p = 0.003, respectively) 
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(Figure 4A and B). Moreover, levels of both chemokines showed a trend towards a significant 
correlation with upper respiratory symptoms (r = 0.231, p = 0.069, and r = 0.204, p = 0.058; 
respectively).  

Biochemical and biological characterization of MCP-3 and -4 from nasal aspirate samples 
Having demonstrated increased MCP-3 and -4 immunoreactivities associated with upper respiratory 
infections we have next investigated whether these chemokines were biologically active in vitro.  
Thus, 1.5 ml of NA from each one of 20 reported acute respiratory infection episodes were combined 
and MCP-3 and -4 were purified by specific anti-MCPs affinity chromatography and reverse phase 
HPLC. Figure 5 shows that monocyte chemotactic activities resolved as two peaks at 22 and 31 min. 
It was demonstrated by ELISAs that peak 1 corresponded to MCP-3, while peak 2 corresponded to 
MCP-4 (105 and 301 pg/ml respectively).  

Discussion 
This is the first study demonstrating that children suffering naturally occurring viral infection release 
high concentrations of MCP-3 and MCP-4 into the nasal secretions. Levels of both chemokines 
showed a trend towards a significant correlation with macrophage numbers suggesting that they may 
contribute to their recruitment in vivo. Indeed, partial purification of MCP-3 and -4 by HPLC and 
affinity chromatography showed that they are biologically active on monocytes in chemotaxis 
assays. In contrast, concentrations of MCP-1 and MCP-2 were not significantly different between 
virus infected- and non-infected children. 

Monocyte chemotactic proteins -1 to -4 are potent monocyte/macrophage attractants and 
show 58% to 71% homology. Among all MCPs, MCP-1 is the only cytokine which has been studied 
in viral respiratory infection. For example, Becker and Soukup reported that RSV stimulated the 
release of MCP-1 from monocytes co-cultured with airway epithelial cells in vitro [9] while Noah 
and Becker showed that experimentally-induced RSV infection in volunteers stimulates MCP-1 
production in their upper airways [10]. However, none of MCPs has been investigated in naturally 
occurring viral respiratory infections. 

The present study has demonstrated that naturally occurring upper respiratory viral tract 
infections induce the release of the chemokines MCP-3 and -4 into the airways of 6- 12 year old 
children. Interestingly, concentrations of both chemokines correlated with the macrophage numbers 
suggesting that they may be involved in the recruitment of these cells. Indeed, the finding that nasal 
MCP-3 and -4 induces monocyte migration in vitro further supports this hypothesis. To our 
knowledge these are the first data indicating that MCP-3 and -4 may be involved in the pathogenesis 
of respiratory viral infection.  

While MCPs production occurs in the context of virus infection, the mechanisms underlying 
this event are not well understood. Some respiratory viruses such as adenovirus and cytomegalovirus 
have been shown to have transactivating factors that are capable of increasing the expression and 
synthesis of cytokines relevant to asthma in monocytes/macrophages and lymphocyte cell lines [11, 
12]. Rhinoviruses are also capable of activating cytokine promoters (IL-6) acting chiefly via NF-�B 
[13]. In the MCPs genes there are several potential binding sites for transcription factors, including 
AP-1, and NF-κB [14, 15, 16].  Indeed, it has been shown that blocking NF-kB, using pyrrolydine 
dithiocarbamate, reduces MCP-3 production. [14]. The precise mechanisms by which viruses induce 
MCP-3 and -4 synthesis during naturally occurring colds have yet to be determined. 

In contrast to the former chemokines, neither MCP-1 nor MCP -2 was elevated during 
naturally occurring colds (neither in neat- nor in concentrated nasal aspirates). A previous report, 
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Noah et al have shown increased levels of MCP-1 in nasal washings derived from RSV 
experimentally infected subjects [10]. In this study, levels of MCP-1 raised significantly in nasal 
washings 6 days after inoculation with RSV, peaking at day 7. Similar profile of MCP-1 release has 
been reported by Power et al in an animal study which was conducted in mice exposed to phormalin 
inactivated-RSV. In this study, mice were sacrificed 5- and 7 days after inactivated-RSV inoculation, 
respectively. Consistent with Beckers´ work, Power et al showed that MCP-1 was up-regulated on 
day 7 but not on day 5 [17] while MCP-3 was highly up-regulated at day 5 which suggests that the 
MCPs may have different kinetics of release. In our study, nasal secretions in children were taken 
during early phases of the virus infection (between 12 – 24 hours of developing clinical symptoms) 
which may explain the low levels of MCP-1 found in nasal secretions. Thus, future studies must 
investigate the kinetics of release of the MCPs in naturally occurring colds. 

Because in previous studies we and that other groups have reported that the 
monocytes/macrophage attractants RANTES/CCL5 and MIP-1 alpha/CCL3 are released into the 
upper airways of patients suffering naturally occurring colds (6, 18), we have not investigated these 
chemokines in the present work.  Instead, we focused on the MCPs which have not been previously 
investigated. Thus, MCP-3 and -4 together with RANTES and MIP1-alpha may orchestrate 
monocyte/macrophage recruitment into the upper airways of patients suffering virus infection. 

The four MCPs activate monocytes via CCR2 which is a major receptor expressed in both 
monocytes and macrophages [19]. Thus, it may not be relevant that MCP-1 and -2 were not 
increased as both MCP-3 and -4 will activate these cells through CCR2. These two chemokines also 
activate eosinophils via CCR3. However, in the present study there was no difference in eosinophil 
numbers between the two groups.  A previous study has shown that CCR2-/- mice are protected from 
early pathological manifestation of influenza infection because of defective monocyte/macrophage 
recruitment [20].  Thus, it is tempting to hypothesize that the use of CCR2 antagonists may have 
therapeutic effects. It is know well established that respiratory viruses cause exacerbations of asthma 
and consistent with this observation we found that virus infected children showed a significant drop 
of their peak flow.  The development of CCR2 antagonists which could be used in clinical trials will 
define the role of these chemokines in on common cold and virus-exacerbations of asthma. 

 In summary the present study has demonstrated that the chemokines MCP-3 and -4 are found 
in increased concentrations in nasal secretions of children suffering respiratory viral infections. 
Levels of these chemokines correlated with macrophage numbers and these cytokines purified from 
clinical samples showed biological activity in vitro, which suggests that they may be involved in 
activation and migration of monocyte/macrophages. The development of clinical efficient CCR2 
antagonists which neutralize MCP-3 and -4 may have therapeutic effects on common cold and virus 
exacerbations of asthma. 
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Legends to figures 
Figure 1. Mean change in respiratory-tract symptom scores and PEF rates during viral infection for 
children compared with children without (w/o) viral infection. a) Upper respiratory tract scores. b) 
Lower respiratory tract scores. c) PEF rates.  
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Figure 2. Chart showing virus identification, peak flow (PF), and respiratory symptom scores (bars) 
for a studied child. Samples were taken where indicated (black arrows). Abbreviations: IAV, 
influenza A virus; RV, rhinovirus; LRTS, lower respiratory tract symptoms; URTS, upper 
respiratory tract symptoms. 

 
 
 
Figure 3. MCPs levels in nasal aspirates from children with proven viral respiratory infections (n = 
81) compared with children without viral infections (n = 51): MCP-1 (A), MCP-2 (B), MCP-3 (C) 
and MCP-4 (D). 
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Figure 4. Correlations between macrophage numbers and MCP-3 and -4 levels in nasal aspirate 
samples for children with proven viral respiratory infection (A and B). Correlation between upper 
respiratory symptoms and MCP-3 and -4 (C and D). Statistical analysis was performed using 
Spearman’s Rank Sum test. 
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Figure 5. Monocyte chemotactic activities in nasal aspirate using HPLC. Material eluted from the 
anti-MCP-3 and -4 affinity column was applied to a reverse-phase chromatography (RP-8), and 
bound material was washed from the column using two step linear gradient of acetonitrile (broken 
line) over 40 min. Monocyte chemotaxis to individual fractions is given as the number of monocytes 
chemoattracted per area (black rectangles). Two monocyte chemotactic activities were identified 
which eluted at 22 min and 31 min respectively.  By ELISA they were found to correspond to MCP-
3 and MCP-4 respectively. HPLC, high performance liquid chromatography; MCP-3, monocyte 
chemotactic protein-3; MCP-4, monocyte chemotactic protein-4. 
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Table 1. Differential and total cell counts in nasal aspirate fluids from children with 

proven viral respiratory infection or asymptomatic.   
Cells  Asymptomatic (range) (x 103) Symptomatic (range) (x 103) 

Neutrophils 11 (4-25) 2,350* (35-12,600) 
Macrophages 1.5 (0.8-6) 148* (0-2,280) 
Lymphocytes 1.2 (.6-8.0) 188* (0-1,860) 
Eosinophils 0.08 (0-1.20) 12 (0-108) 
Epithelial 10.5 (5-17) 24* (0-476) 

Total 24 (6-29) 2,600* (40-13,800) 
           *p < 0.001 compared to asymptomatic (Kruskall-Wallis test); asymptomatic, n = 51; symptomatic, n = 72.  


